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ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ Ăɼɸʉ ʈʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝñ  

ʉʇʀʉɸʂ ʇʈɽɼʄɽʊɸ 

 

 

ʈ.ʙ.  ʐʠʬʨʘ ʅʘʟʠʚ 
ʋʞʘ ʥʘʫʯʥʘ, 

ʫʤʝʪʥʠʯʢʘ ʦʜʥʦʩʥʦ 

ʩʪʨʫʯʥʘ ʦʙʣʘʩʪ 
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1. ʀɼ01 ʄʝʪʦʜʦʣʦʛʠʿʘ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʦʛ ʨʘʜʘ ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ 1 ʆ 2 

2. ʀɼʀ11 ʌʦʨʤʘʣʥʠ ʿʝʟʠʮʠ, ʘʫʪʦʤʘʪʠ ʠ ʠʟʨʘʯʫʥˀʠʚʦʩʪ ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ 1 ʀ 10 

3. ʀɼʀ12 ʄʘʰʠʥʩʢʦ ʫʯʝˁʝ ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ 1 ʀ 10 

4. MA.M1601 ʆʜʘʙʨʘʥʘ ʧʦʛʣʘʚˀʘ ʠʟ ʩʪʘʪʠʩʪʠʢʝ  ʤʘʪʝʤʘʪʠʯʢʝ ʥʘʫʢʝ 1 ʀ 11 

5. ʀɼʀ14 ʉʠʤʙʦʣʠʯʢʘ ʠ ʘʣʛʝʙʘʨʩʢʘ ʠʟʨʘʯʫʥʘʚʘˁʘ ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ 1 ʀ 10 

6. ʀɼʀ15 ʄʨʝʞʝ ʠ ʫʨʝʹʝʥʝ ʘʣʛʝʙʘʨʩʢʝ ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʤʘʪʠʯʢʝ ʥʘʫʢʝ 1 ʀ 10 

7. ʀɼʀ16 ʅʘʧʨʝʜʥʠ ʢʫʨʩ ʠʟ ʥʫʤʝʨʠʯʢʝ ʦʧʪʠʤʠʟʘʮʠʿʝ 
ʤʘʪʝʤʘʪʠʯʢʝ ʥʘʫʢʝ / 

ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ  
1 ʀ 10 

8. ʀɼʀ17 ʋʯʝˁʝ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʠʭ ʛʨʘʬʠʯʢʠʭ ʤʦʜʝʣʘ ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ 1 ʀ 10 

9. ʀɼʀ18 ɺʠʟʫʘʣʠʟʘʮʠʿʘ ʥʘʫʯʥʠʭ ʧʦʜʘʪʘʢʘ ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ 1 ʀ 10 

10. ʀɼʉʀʈ1 ʉʪʫʜʠʿʩʢʠ ʠʩʪʨʘʞʠʚʘʯʢʠ ʨʘʜ 1 ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ 1 ʆ 8 

11. ʀɼʀ21 ʌʘʟʠ ʩʢʫʧʦʚʠ ʠ ʩʠʩʪʝʤʠ 
ʤʘʪʝʤʘʪʠʯʢʝ ʥʘʫʢʝ / 

ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ  
2 ʀ 10 

12. ʀɼʀ22 Oʧʝʨʘʮʠʦʥa ʠʩʪʨʘʞʠʚʘˁʘ 
ʤʘʪʝʤʘʪʠʯʢʝ ʥʘʫʢʝ / 

ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ  
2 ʀ 10 

13. ʀɼʀ23 ɺʝʰʪʘʯʢʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ 2 ʀ 10 

14. ʀɼʀ24 ɸʣʛʝʙʘʨʩʢʘ ʢʦʤʙʠʥʘʪʦʨʠʢʘ 
ʤʘʪʝʤʘʪʠʯʢʝ ʥʘʫʢʝ / 

ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ  
2 ʀ 10 

15. ʀɼʀ25 ʊʝʦʨʠʿʘ ʧʦʣʫʛʨʫʧʘ ʠ ʧʦʣʫʧʨʩʪʝʥʘ ʤʘʪʝʤʘʪʠʯʢʝ ʥʘʫʢʝ 2 ʀ 10 

16. ʀɼʀ26 ʅʘʫʯʥʘ ʠʟʨʘʯʫʥʘʚʘˁʘ ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ 2 ʀ 10 

17. ʀɼʀ27 ʆʙʿʝʢʪʥʦ-ʦʨʠʿʝʥʪʠʩʘʥʘ ʘʥʘʣʠʟʘ ʠ ʜʠʟʘʿʥ ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ 2 ʀ 10 

18. ʀɼʀ28 ʅʘʧʨʝʜʥʝ ʪʝʭʥʠʢʝ ʨʘʯʫʥʘʨʩʢʝ ʛʨʘʬʠʢʝ ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ 2 ʀ 10 

19. ʀɼʉʀʈ2 ʉʪʫʜʠʿʩʢʠ ʠʩʪʨʘʞʠʚʘʯʢʠ ʨʘʜ 2 ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ 2 ʆ 10 

20. ʀɼʀ31 ɸʣʛʝʙʘʨʩʢʘ ʪʝʦʨʠʿʘ ʘʫʪʦʤʘʪʘ ʠ ʬʦʨʤʘʣʥʠʭ ʿʝʟʠʢʘ ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ 3 ʀ 10 

21. ʀɼʀ32 
ʈʝʢʫʨʝʥʪʥʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ ʫ ʥʫʤʝʨʠʯʢʦʿ ʣʠʥʝʘʨʥʦʿ 

ʘʣʛʝʙʨʠ 

ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ / 

ʤʘʪʝʤʘʪʠʯʢʝ ʥʘʫʢʝ 
3 ʀ 10 

22. ʀɼʀ33 ɸʣʛʝʙʘʨʩʢʘ ʪʝʦʨʠʿʘ ʛʨʘʬʦʚʘ 
ʤʘʪʝʤʘʪʠʯʢʝ ʥʘʫʢʝ / 

ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ  
3 ʀ 10 



23. ʀɼʀ34 ʀʥʪʝʣʠʛʝʥʪʥʘ ʦʙʨʘʜʘ ʪʝʢʩʪʘ ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ 3 ʀ 10 

24. ʀɼʀ35 ʂʚʘʥʪʠʪʘʪʠʚʥʠ ʘʫʪʦʤʘʪʠ ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ 3 ʀ 10 

25. ʀɼʀ36 ʇʨʠʤʝʥʘ ʩʧʝʢʪʘʨʘ ʛʨʘʬʦʚʘ ʫ ʨʘʯʫʥʘʨʩʪʚʫ ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ 3 ʀ 10 

26. ʀɼʀ37 ɼʠʟʘʿʥ ʠ ʘʥʘʣʠʟʘ ʘʣʛʦʨʠʪʘʤʘ ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ 3 ʀ 10 

27. ʀɼʀ38 ʂʚʘʥʪʥʦ ʧʨʦʮʝʩʠʨʘˁʝ ʠʥʬʦʨʤʘʮʠʿʘ 
ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ / 

ʬʠʟʠʯʢʝ ʥʘʫʢʝ 
3 ʀ 10 

28. ʀɼʉʀʈ3 ʉʪʫʜʠʿʩʢʠ ʠʩʪʨʘʞʠʚʘʯʢʠ ʨʘʜ 3 ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ 3 ʆ 10 

29. ʀɼʀ41 ʇʨʠʨʦʜʥʘ ʠʟʨʘʯʫʥʘʚʘˁʘ ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ 4 ʀ 10 

30. ʀɼʀ42 ʆʙʨʘʜʘ ʩʣʠʢʘ ʠ ʘʥʠʤʘʮʠʿʘ ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ 4 ʀ 10 

31. ʀɼʀ43 
ʀʥʪʝʣʠʛʝʥʪʥʘ ʦʙʨʘʜʘ ʧʦʜʘʪʘʢʘ ʠ ʧʨʝʧʦʟʥʘʚʘˁʝ 

ʫʟʦʨʘʢʘ 
ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ 4 ʀ 10 

32. ʀɼʀ44 ʆʜʘʙʨʘʥʘ ʧʦʛʣʘʚˀʘ ʤʦʣʝʢʫʣʘʨʥʝ ʙʠʦʣʦʛʠʿʝ ʙʠʦʣʦʰʢʝ ʥʘʫʢʝ 4 ʀ 10 

33. ʀɼʀ45 ʂʚʘʥʪʥo ʨʘʯʫʥʘʨʩʪʚʦ ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ 4 ʀ 10 

34. ʀɼʀ46 ʀʤʧʣʝʤʝʥʪʘʮʠʿʘ ʠ ʧʨʠʤʝʥʘ ʘʫʪʦʤʘʪʘ ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ 4 ʀ 10 

35. ʀɼʀ47 ɼʠʟʘʿʥ ʠ ʘʥʘʣʠʟʘ ʘʣʛʦʨʠʪʘʤʘ 2 ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ 4 ʀ 10 

36. ʀɼʀ48 ɸʥʘʣʠʟʘ ʩʦʮʠʿʘʣʥʠʭ ʤʨʝʞʘ ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ 4 ʀ 10 

37. ʀɼʉʀʈ4 ʉʪʫʜʠʿʩʢʠ ʠʩʪʨʘʞʠʚʘʯʢʠ ʨʘʜ 4 ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ 4 ʆ 10 

38. ʀɼʅʀʈ1 ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʠ ʨʘʜ 1 ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ 5 ʆ 15 

39. ʀɼʅʀʈ2 ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʠ ʨʘʜ 2 ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ 5 ʆ 15 

40. ʀɼʀʆ ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʠʟʨʘʜʘ ʠ ʦʜʙʨʘʥʘ ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ 6 ʆ 30 
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ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ : ɼɸʉ ʈɸʏʋʅɸʈʉʂɽ ʅɸʋʂɽ 

ʅʘʟʠʚ ʧʨʝʜʤʝʪʘ: Mʝʪʦʜʦʣʦʛʠʿʘ ʥʘʫʯʥʦʠʩʪʨʘʞʠʚʘʯʢʦʛ ʨʘʜʘ 

ʅʘʩʪʘʚʥʠʢ ʠʣʠ ʥʘʩʪʘʚʥʠʮʠ: ʄʠʨʦʩʣʘʚ ɼ. ɴʠʨʠ˂ 

ʉʪʘʪʫʩ ʧʨʝʜʤʝʪʘ: ʆʙʘʚʝʟʥʠ 

ɹʨʦʿ ɽʉʇɹ: 2 

ʋʩʣʦʚ: ʅʝʤʘ 

ʎʠˀ ʧʨʝʜʤʝʪʘ 

ʋʧʦʟʥʘʚʘˁʝ ʩʘ ʦʩʥʦʚʘʤʘ ʤʝʪʦʜʦʣʦʛʠʿʝ ʥʘʫʯʥʦʠʩʪʨʘʞʠʚʘʯʢʦʛ ʨʘʜʘ, ʧʨʝ ʩʚʝʛʘ ʩʘ ʤʝʪʦʜʦʣʦʛʠʿʦʤ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʫ ʥʘʫʯʥʠʤ 

ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʫ ʤʘʪʝʤʘʪʠʯʢʠʤ ʠ ʨʘʯʫʥʘʨʩʢʠʤ ʥʘʫʢʘʤʘ. ʋʧʦʟʥʘʚʘˁʝ ʩʘ ʦʩʥʦʚʥʠʤ ʥʘʯʠʥʠʤʘ ʢʦʨʠʰ˂ʝˁʘ ʠ ʠʟʨʘʜʝ 

ʥʘʫʯʥʠʭ ʧʫʙʣʠʢʘʮʠʿʘ. 

ʀʩʭʦʜ ʧʨʝʜʤʝʪʘ  

ʇʦ ʟʘʚʨʰʝʪʢʫ ʢʫʨʩʘ ʩʪʫʜʝʥʪ ʪʨʝʙʘ ʜʘ ʦʚʣʘʜʘ ʦʩʥʦʚʥʠʤ ʤʝʪʦʜʘʤʘ ʥʘʫʯʥʦʠʩʪʨʘʞʠʚʘʯʢʦʛ ʨʘʜʘ ʫ ʤʘʪʝʤʘʪʠʯʢʠʤ ʠ ʨʘʯʫʥʘʨ-

ʩʢʠʤ ʥʘʫʢʘʤʘ, ʠ ʜʘ ʙʫʜʝ ʦʩʧʦʩʦʙˀʝʥ ʜʘ ʫ ʦʢʚʠʨʫ ʜʨʫʛʠʭ ʧʨʝʜʤʝʪʘ ʥʘ ʜʦʢʪʦʨʩʢʠʤ ʩʪʫʜʠʿʘʤʘ ʩʘʤʦ-ʩʪʘʣʥʦ ʩʧʨʦʚʦʜʠ ʥʘʫʯʥʘ 

ʠʩʪʨʘʞʠʚʘˁʘ, ʠ ʜʘ ʧʨʠ ʪʦʤʝ ʙʫʜʝ ʦʩʧʦʩʦʙˀʝʥ ʜʘ ʩʘʤʦʩʪʘʣʥʦ ʧʨʦʥʘʹʝ ʧʦʪʨʝʙʥʫ ʥʘʫʯʥʫ ʣʠʪʝʨʘʪʫʨʫ, ʢʘʦ ʠ ʜʘ ʩʘʤʦʩʪʘʣʥʦ 

ʧʨʝʟʝʥʪʫʿʝ ʨʝʟʫʣʪʘʪʝ ʩʚʦʿʠʭ ʥʘʫʯʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʧʨʠʧʨʝʤʠ ʠʭ ʟʘ ʧʫʙʣʠʢʦʚʘˁʝ. 

ʉʘʜʨʞʘʿ ʧʨʝʜʤʝʪʘ 

ʊʝʦʨʠʿʩʢʘ ʥʘʩʪʘʚʘ 

ʅʘʫʯʥʦ ʟʥʘˁʝ: ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʥʘʫʯʥʦʛ ʟʥʘˁʘ. ʅʘʫʯʥʝ ʪʝʦʨʠʿʝ. ʀʥʜʫʢʪʠʚʥʦ ʠ ʜʝʜʫʢʪʠʚʥʦ ʨʘʩʫʹʠʚʘˁʝ. ʅʘʫʯʥʦ ʠʩʪʨʘʞʠ-

ʚʘˁʝ. ɸʧʩʪʨʘʢʮʠʿʘ, ʜʝʜʫʢʮʠʿʘ ʠ ʢʦʥʢʨʝʪʠʟʘʮʠʿʘ. ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʥʘʫʯʥʦʛ ʿʝʟʠʢʘ. ʄʘʪʝʤʘʪʠʯʢʠ ʿʝʟʠʢ. ʄʘʪʝʤʘʪʠʯʢʘ ʩʠʤ-

ʙʦʣʠʢʘ. ɿʥʘʯʘʿ ʤʘʪʝʤʘʪʠʯʢʝ ʩʠʤʙʦʣʠʢʝ. ʀʟʙʦʨ ʦʟʥʘʢʘ. ʇʠʩʘˁʝ ʥʘʫʯʥʠʭ ʪʝʢʩʪʦʚʘ.  

ʅʘʫʯʥʘ ʤʝʪʦʜʦʣʦʛʠʿʘ: ʄʝʪʦʜʦʣʦʛʠʿʘ ʜʝʜʫʢʪʠʚʥʠʭ ʥʘʫʢʘ. ɸʧʨʠʦʨʥʝ ʠ ʝʤʧʠʨʠʿʩʢʝ ʜʝʜʫʢʪʠʚʥʝ ʪʝʦʨʠʿʝ. ʀʥʜʫʢʪʠʚʥʠ ʤʝ-

ʪʦʜʠ ʫ ʥʘʫʮʠ. ʇʨʦʚʝʨʘ ʥʘʫʯʥʠʭ ʪʝʦʨʠʿʘ. ʍʠʧʦʪʝʪʠʯʢʦ-ʜʝʜʫʢʪʠʚʥʠ ʢʘʨʘʢʪʝʨ ʥʘʫʢʝ. ʉʘʟʥʘʿʥʝ ʤʝʪʦʜʝ. ɸʥʘʣʦʛʠʿʘ. ʇʨʘʚʠʣʘ 

ʟʘʢˀʫʯʠʚʘˁʘ ʠ ʪʝʭʥʠʢʝ ʜʦʢʘʟʠʚʘˁʘ. ʀʩʧʨʘʚʥʘ ʠ ʥʝʠʩʧʨʘʚʥʘ ʘʨʛʫʤʝʥʪʘʮʠʿʘ. ɼʦʢʘʟʠʚʘˁʝ ʠ ʦʧʦʚʨʛʠʚʘˁʝ. ɻʨʝʰʢʝ ʫ ʟʘʢˀʫ-

ʯʠʚʘˁʫ. ʄʝʪʦʜʠ ʠ ʩʪʨʘʪʝʛʠʿʝ ʜʦʢʘʟʠʚʘˁʘ. ʄʘʪʝʤʘʪʠʯʢʝ ʜʝʬʠʥʠʮʠʿʝ. ʈʝʢʫʨʟʠʚʥʝ ʜʝʬʠʥʠʮʠʿʝ. ɼʠʟʘʿʥ ʠ ʘʥʘʣʠʟʘ ʘʣʛʦʨʠ-

ʪʘʤʘ. ɽʬʠʢʘʩʥʦʩʪ ʘʣʛʦʨʠʪʘʤʘ. ʆʜʣʫʯʠʚʦʩʪ ʠ ʥʝʦʜʣʫʯʠʚʦʩʪ. ʅʝʩʘʚʣʘʜʠʚʠ ʧʨʦʙʣʝʤʠ.  

ʅʘʫʯʥʝ ʧʫʙʣʠʢʘʮʠʿʝ: ʊʠʧʦʚʠ ʥʘʫʯʥʠʭ ʧʫʙʣʠʢʘʮʠʿʘ ï ʠʩʪʨʘʞʠʚʘʯʢʠ ʯʣʘʥʮʠ, ʧʨʝʛʣʝʜʥʠ ʯʣʘʥʮʠ, ʥʘʫʯʥʝ ʢˁʠʛʝ, ɼʨʫʛʝ 

ʚʨʩʪʝ ʪʝʢʩʪʦʚʘ ï ʧʨʝʧʦʨʫʢʝ, ʨʝʮʝʥʟʠʿʝ, ʧʨʠʢʘʟʠ ʢˁʠʛʘ ʠ ʯʣʘʥʘʢʘ, ʥʘʫʯʥʘ ʩʘʦʧʰʪʝˁʘ. ʂʦʨʠʰ˂ʝˁʝ ʥʘʫʯʥʠʭ ʧʫʙʣʠʢʘʮʠʿʘ: 

ʠʟʜʘʚʘʯʢʝ ʢʫ˂ʝ, ʥʘʫʯʥʠ ʯʘʩʦʧʠʩʠ, ʥʘʫʯʥʝ ʧʫʙʣʠʢʘʮʠʿʝ ʜʦʩʪʫʧʥʝ ʧʫʪʝʤ ʠʥʪʝʨʥʝʪʘ, ʜʨʫʛʠ ʥʘʫʯʥʠ ʨʝʩʫʨʩʠ. ʇʨʠʧʨʝʤʘ ʥʘʫʯ-

ʥʠʭ ʧʫʙʣʠʢʘʮʠʿʘ: ʧʠʩʘˁʝ ʥʘʫʯʥʠʭ ʧʫʙʣʠʢʘʮʠʿʘ, ʿʝʟʠʯʢʠ ʠ ʪʝʭʥʠʯʢʠ ʘʩʧʝʢʪʠ ʧʠʩʘˁʘ, ʧʠʩʘˁʝ ʢˁʠʛʘ, ʧʠʩʘˁʝ ʥʘʫʯʥʠʭ ʯʣʘ-

ʥʘʢʘ, ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʧʠʩʘˁʘ ʤʘʪʝʤʘʪʠʯʢʠʭ ʠ ʠʥʬʦʨʤʘʪʠʯʢʠʭ ʯʣʘʥʘʢʘ, ʢʦʣʘʙʦʨʘʪʠʚʥʠ ʨʘʜ. ʂʦʨʠʰ˂ʝˁʝ ʨʘʯʫʥʘʨʘ ʫ ʧʨʠ-

ʧʨʝʤʠ ʧʫʙʣʠʢʘʮʠʿʘ: ʧʨʠʧʨʝʤʘ ʩʪʦʥʠʭ ʠ ʝʣʝʢʪʨʦʥʩʢʠʭ ʧʫʙʣʠʢʘʮʠʿʘ, ʧʨʠʧʨʝʤʘ ʝʢʨʘʥʩʢʠʭ ʧʨʝʟʝʥʪʘʮʠʿʘ, ʧʨʦʛʨʘʤʠ ʟʘ ʧʨʠ-

ʧʨʝʤʫ ʧʫʙʣʠʢʘʮʠʿʘ, TeX, LaTeX, PostScript, PDF, HTML, MathML, ʝʣʝʢʪʨʦʥʩʢʦ ʫʯʝˁʝ. ʅʘʫʯʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʫ ʉʨʙʠʿʠ. 

ɺʨʝʜʥʦʚʘˁʝ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʠʭ ʨʝʟʫʣʪʘʪʘ ʫ ʉʨʙʠʿʠ.  

ʇʨʝʧʦʨʫʯʝʥʘ ʣʠʪʝʨʘʪʫʨʘ  

1. Nicholas J. Higham, Handbook of Writing for the Mathematical Sciences, SIAM, 1998.  

2. Steven G. Krantz, Handbook of Typography for the Mathematical Sciences,  Chapman and Hall/CRC, 2000. 

3. Frank Mittelbach and Michel Goossens, with Johannes Braams, David Carlisle and Chris Rowley, The LaTeX Companion: 

Tools and Techniques for Computer Typesetting (2nd Edition), Addison-Wesley Series on Tools and Techniques for 

Computer Typesetting, Addison-Wesley Professional, 2004. 

4. Michel Goossens, Frank Mittelbach, Sebastian Rahtz, Denis Roegel, Herbert Voss, The LaTeX Graphics Compa-nion (2nd 

Edition), Addison-Wesley Series on Tools and Techniques for Computer Typesetting, Addison-Wesley Professional, 2007. 

5. Michel Goossens, Sebastian Rahtz, Eitan M. Gurari, Ross Moore, Robert S. Sutor, LaTeX Web Companion, The: Integrating 

TeX, HTML, and XML, Addison-Wesley Series on Tools and Techniques for Computer Typesetting, Addison-Wesley 

Professional, 1999. 

6. Stela Filipi Matutinoviĺ, Nauļne informacije u Srbiji ï Protok, dostupnost, vrednovanje, Beograd, 2013 

https://kobson.nb.rs/upload/documents/oNamaPredavanja/PR2013TekstZaDoktorante.pdf  

7. ʇʨʘʚʠʣʥʠʢ ʦ ʧʦʩʪʫʧʢʫ, ʥʘʯʠʥʫ ʚʨʝʜʥʦʚʘˁʘ ʠ ʢʚʘʥʪʠʪʘʪʠʚʥʦʤ ʠʩʢʘʟʠʚʘˁʫ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʠʭ ʨʝʟʫʣʪʘʪʘ ʠʩʪʨʘ-

ʞʠʚʘʯʘ, ʄʠʥʠʩʪʘʨʩʪʚʦ ʧʨʦʩʚʝʪʝ, ʥʘʫʢʝ ʠ ʪʝʭʥʦʣʦʧʰʢʦʛ ʨʘʫʟʚʦʿʘ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ, 2017. 

http://www.mpn.gov.rs/wp-content/uploads/2017/03/Pravilnik-2017-preciscen-tekst.pdf  

ɹʨʦʿ ʯʘʩʦʚʘ  ʘʢʪʠʚʥʝ ʥʘʩʪʘʚʝ ʊʝʦʨʠʿʩʢʘ ʥʘʩʪʘʚʘ: 2 ʇʨʘʢʪʠʯʥʘ ʥʘʩʪʘʚʘ: 

ʄʝʪʦʜʝ ʠʟʚʦʹʝˁʘ ʥʘʩʪʘʚʝ 

ʅʘ ʧʨʝʜʘʚʘˁʠʤʘ ʩʝ ʢʦʨʠʩʪʝ ʢʣʘʩʠʯʥʝ ʤʝʪʦʜʝ ʥʘʩʪʘʚʝ ʫʟ ʢʦʨʠʰ˂ʝˁʝ ʚʠʜʝʦ ʧʨʦʿʝʢʪʦʨʘ ʠ ʠʥʪʝʨʘʢʮʠʿʫ ʩʘ ʩʪʫʜʝʥʪʠʤʘ. ɿʥʘˁʝ 

ʩʪʫʜʝʥʘʪʘ ʩʝ ʪʝʩʪʠʨʘ ʧʨʝʢʦ ʠʟʨʘʜʝ ʜʦʤʘ˂ʠʭ ʟʘʜʘʪʘʢʘ ʠ ʦʜʙʨʘʥʝ ʩʝʤʠʥʘʨʩʢʠʭ ʨʘʜʦʚʘ. ʅʘ ʟʘʚʨʰʥʦʤ ʫʩʤʝʥʦʤ ʠʩʧʠʪʫ ʩʝ 

ʧʨʦʚʝʨʘʚʘ ʩʚʝʦʙʫʭʚʘʪʥʦ ʨʘʟʫʤʝʚʘˁʝ ʠʟʣʦʞʝʥʦʛ ʛʨʘʜʠʚʘ. 

ʆʮʝʥʘ  ʟʥʘˁʘ (ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ ʧʦʝʥʘ 100): ɼʦʤʘ˂ʠ ʟʘʜʘʮʠ ï 10, ʩʝʤʠʥʘʨʩʢʠ ʨʘʜ ï 20, ʫʩʤʝʥʠ ʠʩʧʠʪ ï 70.   

  

https://kobson.nb.rs/upload/documents/oNamaPredavanja/PR2013TekstZaDoktorante.pdf
http://www.mpn.gov.rs/wp-content/uploads/2017/03/Pravilnik-2017-preciscen-tekst.pdf


ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ : ɼɸʉ ʈɸʏʋʅɸʈʉʂɽ ʅɸʋʂɽ 

ʅʘʟʠʚ ʧʨʝʜʤʝʪʘ: ʌʆʈʄɸʃʅʀ ɱɽɿʀʎʀ, ɸʋʊʆʄɸʊʀ ʀ ʀɿʈɸʏʋʅɲʀɺʆʉʊ 

ʅʘʩʪʘʚʥʠʢ ʠʣʠ ʥʘʩʪʘʚʥʠʮʠ: ɱʝʣʝʥʘ ʄ. ʀʛˁʘʪʦʚʠ˂, ɿʦʨʘʥʘ ɿ. ɱʘʥʯʠ˂ 

ʉʪʘʪʫʩ ʧʨʝʜʤʝʪʘ: ʀʟʙʦʨʥʠ 

ɹʨʦʿ ɽʉʇɹ: 10 

ʋʩʣʦʚ: ʥʝʤʘ 

ʎʠˀ ʧʨʝʜʤʝʪʘ 

ʋʧʦʟʥʘʚʘˁʝ ʩʘ ʦʩʥʦʚʥʠʤ ʠʜʝʿʘʤʘ, ʢʦʥʮʝʧʪʠʤʘ ʠ ʨʝʟʫʣʪʘʪʠʤʘ ʪʝʦʨʠʿʝ ʠʟʨʘʯʫʥʘʚʘˁʘ, ʩʘ ʬʦʨʤʘʣʥʠʤ ʿʝʟʠʮʠʤʘ ʠ ʘʫʪʦʤʘ-

ʪʠʤʘ ʠ ʩʘʚʨʝʤʝʥʠʤ ʪʨʝʥʜʦʚʠʤʘ ʫ ʪʝʦʨʠʿʠ ʘʫʪʦʤʘʪʘ.  

ʀʩʭʦʜ ʧʨʝʜʤʝʪʘ  

ʇʦ ʟʘʚʨʰʝʪʢʫ ʢʫʨʩʘ ʩʪʫʜʝʥʪ ʪʨʝʙʘ ʜʘ ʦʚʣʘʜʘ ʦʩʥʦʚʥʠʤ ʠʜʝʿʘʤʘ, ʢʦʥʮʝʧʪʠʤʘ ʠ ʨʝʟʫʣʪʘʪʠʤʘ ʪʝʦʨʠʿʝ ʬʦʨʤʘʣʥʠʭ ʿʝʟʠʢʘ ʠ 

ʘʫʪʦʤʘʪʘ, ʜʘ ʩʝ ʫʧʦʟʥʘ ʩʘ ʪʨʝʥʫʪʥʦ ʥʘʿʘʢʪʫʝʣʥʠʿʠʤ ʪʠʧʦʚʠʤʘ ʘʫʪʦʤʘʪʘ, ʠ ʜʘ ʙʫʜʝ ʦʩʧʦʩʦʙˀʝʥ ʜʘ ʧʦʤʝʥʫʪʝ ʠʜʝʿʝ, ʢʦʥʮʝʧʪʝ 

ʠ ʨʝʟʫʣʪʘʪʝ ʩʘʤʦʩʪʘʣʥʦ ʧʨʘʢʪʠʯʥʦ ʧʨʠʤʝʥʠ ʫ ʥʘʫʯʥʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʫ ʦʢʚʠʨʫ ʪʝ ʠʩʪʝ ʠʣʠ ʥʝʢʝ ʜʨʫʛʝ ʥʘʫʯʥʝ ʦʙʣʘʩʪʠ. 

ʉʘʜʨʞʘʿ ʧʨʝʜʤʝʪʘ 

ʌʦʨʤʘʣʥʠ ʿʝʟʠʮʠ ʠ ʛʨʘʤʘʪʠʢʝ, ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʠ ʘʫʪʦʤʘʪʠ, ʤʠʥʠʤʠʟʘʮʠʿʘ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʠʭ ʘʫʪʦʤʘʪʘ, ʥʝʜʝʪʝʨʤʠʥʠʩ-

ʪʠʯʢʠ ʘʫʪʦʤʘʪʠ, ʨʝʜʫʢʮʠʿʘ ʙʨʦʿʘ ʩʪʘˁʘ, ʝʢʚʠʚʘʣʝʥʪʥʦʩʪ ʘʫʪʦʤʘʪʘ, ʩʠʤʫʣʘʮʠʿʝ ʠ ʙʠʩʠʤʫʣʘʮʠʿʝ, ʜʝʪʝʨʤʠʥʠʟʘʮʠʿʘ ʥʝʜʝʪʝʨ-

ʤʠʥʠʩʪʠʯʢʠʭ ʘʫʪʦʤʘʪʘ, ʨʝʛʫʣʘʨʥʠ ʿʝʟʠʮʠ ʠ ʛʨʘʤʘʪʠʢʝ, ʨʝʛʫʣʘʨʥʠ ʠʟʨʘʟʠ ʠ ʧʨʠʤʝʥʝ, ʢʦʥʪʝʢʩʪʥʦ ʥʝʟʘʚʠʩʥʠ ʿʝʟʠʮʠ, ʧʦʪʠʩ-

ʥʠ ʘʫʪʦʤʘʪʠ, ʊʿʫʨʠʥʛʦʚʝ ʤʘʰʠʥʝ, ʣʠʥʝʘʨʥʦ ʦʛʨʘʥʠʯʝʥʠ ʘʫʪʦʤʘʪʠ, ʢʦʥʪʝʢʩʪʥʦ ʟʘʚʠʩʥʠ ʿʝʟʠʮʠ, ʧʨʦʙʣʝʤʠ ʦʜʣʫʯʠʚʦʩʪʠ, 

ʠʟʨʘʯʫʥˀʠʚʦʩʪʠ ʠ ʢʦʤʧʣʝʢʩʥʦʩʪʠ, ʘʫʪʦʤʘʪʠ ʩʘ ʠʟʣʘʟʦʤ, ʪʝʞʠʥʩʢʠ ʘʫʪʦʤʘʪʠ, ʬʘʟʠ ʘʫʪʦʤʘʪʠ, ʢʚʘʥʪʥʠ ʘʫʪʦʤʘʪʠ, ʧʨʦʙʘ-

ʙʠʣʠʩʪʠʯʢʠ ʘʫʪʦʤʘʪʠ, ʚʨʝʤʝʥʩʢʠ ʘʫʪʦʤʘʪʠ (timed automata), ʭʠʙʨʠʜʥʠ ʘʫʪʦʤʘʪʠ. 

ʇʨʝʧʦʨʫʯʝʥʘ ʣʠʪʝʨʘʪʫʨʘ  

1. ɱ. ʀʛˁʘʪʦʚʠ˂, ʄ. ɴʠʨʠ˂, ɸʫʪʦʤʘʪʠ ʠ ʬʦʨʤʘʣʥʠ ʿʝʟʠʮʠ, ʋʥʠʚʝʨʟʠʪʝʪ ʫ ʅʠʰʫ, ʇʨʠʨʦʜʥʦ-ʤʘʪʝʤʘʪʠʯʢʠ ʬʘʢʫʣʪʝʪ, ʅʠʰ, 

2016. 

2. M. V. Lawson, Finite automata, Chapman & Hall/CRC, Boca Raton, Florida, US, 2004.  

3. J. E. Hopkroft, R. Motwani, J. D. Ullman, Introduction to Automata Theory, Languages, and Computation, Addison-Wesley, 

2001. 

4. J. Sakarovitch, Elements of Automata Theory, Cambridge University Press, 2009. 

5. G. Rozenberg and A. Salomaa (eds.), Handbook of Formal Languages, Vol.1-3, Springer, Berlin-Heidelberg, 1997. 

ɹʨʦʿ ʯʘʩʦʚʘ  ʘʢʪʠʚʥʝ ʥʘʩʪʘʚʝ ʊʝʦʨʠʿʩʢʘ ʥʘʩʪʘʚʘ: 4 ʇʨʘʢʪʠʯʥʘ ʥʘʩʪʘʚʘ: 

ʄʝʪʦʜʝ ʠʟʚʦʹʝˁʘ ʥʘʩʪʘʚʝ 

ʅʘ ʧʨʝʜʘʚʘˁʠʤʘ ʩʝ ʢʦʨʠʩʪʝ ʢʣʘʩʠʯʥʝ ʤʝʪʦʜʝ ʥʘʩʪʘʚʝ ʫʟ ʢʦʨʠʰ˂ʝˁʝ ʚʠʜʝʦ ʧʨʦʿʝʢʪʦʨʘ ʠ ʠʥʪʝʨʘʢʮʠʿʫ ʩʘ ʩʪʫʜʝʥʪʠʤʘ. ɿʥʘˁʝ 

ʩʪʫʜʝʥʘʪʘ ʩʝ ʪʝʩʪʠʨʘ ʧʨʝʢʦ ʠʟʨʘʜʝ ʜʦʤʘ˂ʠʭ ʟʘʜʘʪʘʢʘ ʠ ʦʜʙʨʘʥʝ ʩʝʤʠʥʘʨʩʢʠʭ ʨʘʜʦʚʘ. ʅʘ ʟʘʚʨʰʥʦʤ ʫʩʤʝʥʦʤ ʠʩʧʠʪʫ ʩʝ 

ʧʨʦʚʝʨʘʚʘ ʩʚʝʦʙʫʭʚʘʪʥʦ ʨʘʟʫʤʝʚʘˁʝ ʠʟʣʦʞʝʥʦʛ ʛʨʘʜʠʚʘ. 

ʆʮʝʥʘ  ʟʥʘˁʘ (ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ ʧʦʝʥʘ 100): ɼʦʤʘ˂ʠ ʟʘʜʘʮʠ ï 10, ʩʝʤʠʥʘʨʩʢʠ ʨʘʜ ï 20, ʫʩʤʝʥʠ ʠʩʧʠʪ ï 70.   

 

  



ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ : ɼɸʉ ʈɸʏʋʅɸʈʉʂɽ ʅɸʋʂɽ 

ʅʘʟʠʚ ʧʨʝʜʤʝʪʘ: ʄɸʐʀʅʉʂʆ ʋʏɽɳɽ  

ʅʘʩʪʘʚʥʠʢ ʠʣʠ ʥʘʩʪʘʚʥʠʮʠ: ɹʨʘʥʠʤʠʨ ʊ. ʊʦʜʦʨʦʚʠ˂  

ʉʪʘʪʫʩ ʧʨʝʜʤʝʪʘ: ʀʟʙʦʨʥʠ 

ɹʨʦʿ ɽʉʇɹ: 10 

ʋʩʣʦʚ: ʥʝʤʘ 

ʎʠˀ ʧʨʝʜʤʝʪʘ 

ʉʪʠʮʘˁʝ ʪʝʦʨʠʿʩʢʦʛ ʟʥʘˁʘ ʠʟ ʦʙʣʘʩʪʠ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʠ ʟʥʘˁʘ ʧʦʪʨʝʙʥʦʛ ʟʘ ʩʦʬʪʚʝʨʩʢʫ ʠʤʧʣʝʤʝʥʪʘʮʠʿy (ʧʨʦʛʨʘ-

ʤʠʨʘˁʝ) ʘʣʛʦʨʠʪʘʤʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ.   .  

ʀʩʭʦʜ ʧʨʝʜʤʝʪʘ  

ʊʝʦʨʠʿʩʢʦ ʟʥʘˁʝ ʠ ʩʧʦʩʦʙʥʦʩʪ ʩʦʬʪʚʝʨʩʢʝ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʘʣʛʦʨʠʪʘʤʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ.   . 

ʉʘʜʨʞʘʿ ʧʨʝʜʤʝʪʘ 

ʅʘʜʛʣʝʜʘʥʦ ʫʯʝˁʝ; ɻʨʘʜʠʿʝʥʪʥʠ ʤʝʪʦʜʠ, ʄʘʢʩʠʤʠʟʘʮʠʿʘ ʚʝʨʦʜʦʩʪʦʿʥʦʩʪʠ, ʄʘʢʩʠʤʠʟʘʮʠʿʘ ʘʧʦʩʪʝʨʠʦʨʥʝ ʛʫʩʪʠʥʝ, ʂʘʣʤʘ-

ʥʦʚ ʬʠʣʪʘʨ; ɼʝʪʝʨʤʠʥʠʩʪʠʯʢʠ ʠ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʠ ʢʣʘʩʠʬʠʢʘʪʦʨʠ (ʛʝʥʝʨʘʪʠʚʥʠ ʠ ʜʠʩʢʨʠʤʠʥʘʪʠʚʥʠ); ʅʝʥʘʜʛʣʝʜʘʥʦ 

ʫʯʝˁʝ; ʂʣʘʩʪʝʨʠʟʘʮʠʿʘ, ʭʠʿʝʨʘʨʭʠʿʩʢʘ ʢʣʘʩʪʝʨʠʟʘʮʠʿʘ, ʘʥʘʣʠʟʘ ʢʦʤʧʦʥʝʥʪʠ, ʄʘʢʩʠʤʠʟʠʨʘˁʝ ʦʯʝʢʠʚʘˁʘ; ɸʢʪʠʚʥʦ ʫʯʝˁʝ; 

ʋʯʝˁʝ ʥʘ ʦʩʥʦʚʫ ʩʠʛʥʘʣʘ ʧʦʿʘʯʘˁʘ. 

ʇʨʝʧʦʨʫʯʝʥʘ ʣʠʪʝʨʘʪʫʨʘ  

1. Ethem Alpaydm, Introduction to Machine Learning, The MIT Press, Cambridge, Massachusetts,2004   

2. B. Todoroviĺ, S. Todoroviĺ-Zarkula, M. Stankoviĺ, Rekurentne neuronske mreģe: estimacija parametara, stanja i strukture, 

Univerzitet u Niġu, Prirodno-matematiļki fakultet, 2012 

3. Christopher M. Bishop,  Pattern Recognition and Machine Learning, Springer, 2011. 

4. Marc Peter Deisenroth, A. Aldo Faisal, Cheng Soon, Mathematics for Machine Learning, Cambridge University Press, 2020, 

ISBN: 9781108455145    

ɹʨʦʿ ʯʘʩʦʚʘ  ʘʢʪʠʚʥʝ ʥʘʩʪʘʚʝ ʊʝʦʨʠʿʩʢʘ ʥʘʩʪʘʚʘ: 4 ʇʨʘʢʪʠʯʥʘ ʥʘʩʪʘʚʘ: 

ʄʝʪʦʜʝ ʠʟʚʦʹʝˁʘ ʥʘʩʪʘʚʝ 

ʅʘ ʧʨʝʜʘʚʘˁʠʤʘ ʩʝ ʢʦʨʠʩʪʝ ʢʣʘʩʠʯʥʝ ʤʝʪʦʜʝ ʥʘʩʪʘʚʝ ʫʟ ʢʦʨʠʰ˂ʝˁʝ ʚʠʜʝʦ ʧʨʦʿʝʢʪʦʨʘ ʠ ʠʥʪʝʨʘʢʮʠʿʫ ʩʘ ʩʪʫʜʝʥʪʠʤʘ.   

ʆʮʝʥʘ  ʟʥʘˁʘ (ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ ʧʦʝʥʘ 100): ʂʦʣʦʢʚʠʿʫʤʠ ï 30, ʩʝʤʠʥʘʨʠ ï 20, ʫʩʤʝʥʠ ʠʩʧʠʪ ï 70.   

 

  



ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ : ɼɸʉ ʈɸʏʋʅɸʈʉʂɽ ʅɸʋʂɽ 

ʅʘʟʠʚ ʧʨʝʜʤʝʪʘ: ʆɼɸɹʈɸʅɸ ʇʆɻʃɸɺɲɸ ʀɿ ʉʊɸʊʀʉʊʀʂɽ  

ʅʘʩʪʘʚʥʠʢ ʠʣʠ ʥʘʩʪʘʚʥʠʮʠ: ʄʠʨʦʩʣʘʚ ʄ. ʈʠʩʪʠ˂ 

ʉʪʘʪʫʩ ʧʨʝʜʤʝʪʘ: ʀʟʙʦʨʥʠ 

ɹʨʦʿ ɽʉʇɹ: 11 

ʋʩʣʦʚ: ʥʝʤʘ 

ʎʠˀ ʧʨʝʜʤʝʪʘ 

ʆʚʣʘʜʘʚʘˁʝ ʟʥʘˁʝʤ ʠʟ ʧʦʿʝʜʠʥʠʭ ʦʙʣʘʩʪʠ ʤʘʪʝʤʘʪʠʯʢʝ ʩʪʘʪʠʩʪʠʢʝ. 

ʀʩʭʦʜ ʧʨʝʜʤʝʪʘ  

ʄʘʢʨʦ ʠ ʤʠʢʨʦ ʘʥʘʣʠʟʘ ʧʨʦʙʣʝʤʘ ʦʜʨʝʹʝʥʝ ʦʙʣʘʩʪʠ ʤʘʪʝʤʘʪʠʯʢʝ ʩʪʘʪʠʩʪʠʢʝ, ʢʘʦ ʠ ˁʝʥʘ ʫʩʧʝʰʥʘ ʧʨʠʤʝʥʘ. 

ʉʘʜʨʞʘʿ ʧʨʝʜʤʝʪʘ 

 

ʊʝʦʨʠʿʩʢʘ ʥʘʩʪʘʚʘ 

ʉʪʘʪʠʩʪʠʯʢʠ ʧʨʠʩʪʫʧ ʧʦʜʘʮʠʤʘ, ʦʮʝʥʝ ʧʘʨʘʤʝʪʘʨʘ, ʨʘʥʜʦʤʠʟʠʨʘʥʘ ʠ ʥʝʨʘʥʜʦʤʠʟʠʨʘʥʘ ʪʝʩʪʠʨʘˁʘ. ʆʜʘʙʨʘʥʘ ʧʦʛʣʘʚˀʘ 

ʤʝʪʦʜʘ ʩʠʤʫʣʘʮʠʿʝ. ʆʜʘʙʨʘʥʘ ʧʦʛʣʘʚˀʘ ʪʝʦʨʠʿʝ ʦʜʣʫʯʠʚʘˁʘ. ʈʦʙʫʩʥʝ ʩʪʘʪʠʩʪʠʢʝ - ʦʜʘʙʨʘʥʘ ʧʦʛʣʘʚˀʘ. ʆʜʘʙʨʘʥʘ 

ʧʦʛʣʘʚˀʘ ʨʝʛʨʝʩʠʿʝ ʠ ʢʦʨʝʣʘʮʠʿʝ. ʆʜʘʙʨʘʥʘ ʧʦʛʣʘʚˀʘ ʤʫʣʪʠʚʘʨʠʿʘʮʠʦʥʝ ʘʥʘʣʠʟʝ. ʆʜʘʙʨʘʥʘ ʧʦʛʣʘʚˀʘ ʦ ʚʨʝʤʝʥʩʢʠʤ 

ʥʠʟʦʚʠʤʘ. ʆʜʘʙʨʘʥʘ ʧʦʛʣʘʚˀʘ ʦ ʧʨʘ˂ʝˁʫ ʠ ʧʦʙʦˀʰʘˁʫ ʢʚʘʣʠʪʝʪʘ. 

 

ʇʨʘʢʪʠʯʥʘ ʥʘʩʪʘʚʘ  

ɼʝʬʠʥʠʩʘˁʝ ʠ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʫ ʚʝʟʠ ʩʘ ʪʝʦʨʠʿʩʢʦʤ ʥʘʩʪʘʚʦʤ, ʠʟʨʘʜʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʟʘʜʘʪʘʢʘ ʥʘ ʨʘʯʫʥʘʨʫ 

ʨʘʩʧʦʣʦʞʠʚʠʤ ʩʪʘʪʠʩʪʠʯʢʠʤ ʧʘʢʝʪʠʤʘ, ʩʪʫʜʠʿʩʢʠ ʠʩʪʨʘʞʠʚʘʯʢʠ ʨʘʜ. 

ʇʨʝʧʦʨʫʯʝʥʘ ʣʠʪʝʨʘʪʫʨʘ  

1. G.G. Roussas, A Course in Mathematical Statistics, Academic Press, 1997. 

2. R. V. Hogg, J. W. McKean, A. T. Craig: Introduction to mathematical statistics, Pearson Prentice Hall, London, 2005. 

3. B. Efron: The Jackknife, the bootstrap and other resampling plans, Society for industrial and applied mathematics, 

Philadelphia-Vermont, 1994. 

4. M. H. DeGroot: Optimal statistical decisions, McGraw Hill, New York, 1970. 

5. R.A. Maronna, R.D. Martin, V.J. Yohai: Robust Statistics Theory and Methods, John Wiley & Sons, 2006. 

6. W. Härdle, L. Simar: Applied multivariate statistical analysis, Springer-Verlag, Berlin Heidelberg, 2003. 

7. W.S. Wei:  Time Series Analysis Univariate and Multivariate Methods, Pearson, 2006. 

ɹʨʦʿ ʯʘʩʦʚʘ  ʘʢʪʠʚʥʝ ʥʘʩʪʘʚʝ ʊʝʦʨʠʿʩʢʘ ʥʘʩʪʘʚʘ: 4 ʇʨʘʢʪʠʯʥʘ ʥʘʩʪʘʚʘ: 

ʄʝʪʦʜʝ ʠʟʚʦʹʝˁʘ ʥʘʩʪʘʚʝ 

ʌʨʦʥʪʘʣʥʘ, ʠʥʪʝʨʘʢʪʠʚʥʘ, ʠʥʜʠʚʠʜʫʘʣʥʘ 

ʆʮʝʥʘ  ʟʥʘˁʘ (ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ ʧʦʝʥʘ 100) ʉʝʤʠʥʘʨʩʢʠ ʨʘʜ: 50, ʋʩʤʝʥʠ ʠʩʧʠʪ: 50 

 

  



ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ : ɼɸʉ ʈɸʏʋʅɸʈʉʂɽ ʅɸʋʂɽ 

ʅʘʟʠʚ ʧʨʝʜʤʝʪʘ: ʉʀʄɹʆʃʀʏʂɸ ʀ ɸʃɻɽɹɸʈʉʂɸ ʀɿʈɸʏʋʅɸɺɸɳɸ  

ʅʘʩʪʘʚʥʠʢ ʠʣʠ ʥʘʩʪʘʚʥʠʮʠ: ʇʨʝʜʨʘʛ ʉ. ʉʪʘʥʠʤʠʨʦʚʠ˂ 

ʉʪʘʪʫʩ ʧʨʝʜʤʝʪʘ:   ʀʟʙʦʨʥʠ 

ɹʨʦʿ ɽʉʇɹ: 10 

ʋʩʣʦʚ:  ʥʝʤʘ 

ʎʠˀ ʧʨʝʜʤʝʪʘ 

ʆʩʥʦʚʥʠ ʮʠˀ ʧʨʝʜʤʝʪʘ ʿʝ ʜʘ ʩʝ ʠʟʫʯʠ ʧʦʚʝʟʘʥʦʩʪ ʠʟʤʝʹʫ ʘʣʛʝʙʨʝ, ʠʟʨʘʯʫʥʘʚʘˁʘ ʠ ʥʫʤʝʨʠʯʢʝ ʘʥʘʣʠʟʝ.ʅʘʫʯʠʪʠ ʦʩʥʦʚʥʝ 

ʘʣʛʦʨʠʪʤʝ ʠ ʧʨʠʥʮʠʧʝ ʩʠʤʙʦʣʠʯʢʦʛ ʨʘʯʫʥʘˁʘ, ʧʨʚʝʥʩʪʚʝʥʦ ʜʦʢʘʟʠʚʘˁʝ ʢʦʤʙʠʥʘʪʦʨʥʠʭ ʠʜʝʥʪʠʪʝʪʘ, ʨʝʰʘʚʘˁʝ ʩʠʩʪʝʤʘ 

ʿʝʜʥʘʯʠʥʘ, ʩʠʤʙʦʣʠʯʢʦ ʜʠʬʝʨʝʥʮʠʨʘˁʝ ʠ ʠʥʪʝʛʨʘʮʠʿʫ. ʆʩʧʦʩʦʙʠʪʠ ʩʪʫʜʝʥʪʝ ʟʘ ʫʧʦʪʨʝʙʫ ʧʨʦʛʨʘʤʩʢʦʛ ʧʘʢʝʪʘ 

Mathematica.. 

ʀʩʭʦʜ ʧʨʝʜʤʝʪʘ  

ʉʪʫʜʝʥʪʠ ʦʩʧʦʩʦʙˀʝʥʠ ʟʘ ʧʨʠʤʝʥʫ ʩʠʤʙʦʣʠʯʢʦʛ ʨʘʯʫʥʘˁʘ ʫ ʥʘʫʯʥʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ, ʢʘʦ ʧʦʜʨʰʢʫ ʫ ʫʯʝˁʫ 

ʤʘʪʝʤʘʪʠʢʝ. ʋʧʦʪʨʝʙʘ ʧʨʦʛʨʘʤʩʢʦʛ ʿʝʟʠʢʘ Mathematica ʫ ʨʘʟʚʦʿʫ ʤʘʪʝʤʘʪʠʯʢʠʭ ʠʜʝʿʘ ʠ ʧʦʿʤʦʚʘ ʢʘʦ ʠ ʘʣʘʪ ʟʘ ʘʥʘʣʠʟʫ ʠ 

ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʫ ʥʘʫʮʠ ʠ ʠʩʪʨʘʞʠʚʘˁʫ. ʇʨʦʛʨʘʤʠʨʘˁʝ ʫ ʧʨʦʛʨʘʤʩʢʦʤ ʿʝʟʠʢʫ Mathematica. 

ʉʘʜʨʞʘʿ ʧʨʝʜʤʝʪʘ 

ʊʝʦʨʠʿʩʢʘ ʥʘʩʪʘʚʘ 

ʉʠʩʪʝʤʠ ʨʘʯʫʥʘʨʩʢʝ ʘʣʛʝʙʨʝ. ʀʟʨʘʟʠ ʠ ʟʥʘʯʝˁʝ ʠʟʨʘʟʘ: ʇʨʝʬʠʢʩʥʘ, ʧʦʩʪʬʠʢʩʥʘ ʠ ʠʥʬʠʢʩʥʘ ʬʦʨʤʘ ʠʟʨʘʟʘ. 

ɸʫʪʦʤʘʪʩʢʘ ʩʠʤʧʣʠʬʠʢʘʮʠʿʘ, ʫʥʫʪʨʘʰˁʘ ʨʝʧʨʝʟʝʥʪʘʮʠʿʘ ʧʦʜʘʪʘʢʘ ʠ ʩʪʨʫʢʪʫʨʘ. ɸʨʠʪʤʝʪʠʢʘ ʧʨʦʠʟʚʦˀʥʝ 

ʧʨʝʮʠʟʥʦʩʪʠ. ʀʤʧʣʝʤʝʥʪʘʮʠʦʥʠ ʜʝʪʘˀʠ ʘʨʠʪʤʝʪʠʢʝ ʧʨʦʠʟʚʦˀʥʝ ʪʘʯʥʦʩʪʠ. ʇʦʣʠʥʦʤʠ: ɽʣʝʤʝʥʪʘʨʥʝ ʦʧʝʨʘʮʠʿʝ ʥʘʜ 

ʧʦʣʠʥʦʤʠʤʘ, ʧʦʣʠʥʦʤʠʿʘʣʥʠ ʘʣʛʦʨʠʪʤʠ, ʘʨʠʪʤʝʪʠʢʘ ʥʘʜ ʧʦʣʠʥʦʤʠʤʘ, ʬʘʢʪʦʨʠʟʘʮʠʿʘ ʧʦʣʠʥʦʤʘ. ʈʘʮʠʦʥʘʣʥʝ 

ʬʫʥʢʮʠʿʝ ʠ ʨʘʟʚʦʿ ʬʫʥʢʮʠʿʘ ʫ ʩʪʝʧʝʥʝ ʨʝʜʦʚʝ. ʌʫʥʜʘʤʝʥʪʘʣʥʠ ʘʣʛʦʨʠʪʤʠ ʘʣʛʝʙʘʨʩʢʦʛ ʠʟʨʘʯʫʥʘʚʘˁʘ. ɽʫʢʣʠʜʦʚ 

ʘʣʛʦʨʠʪʘʤ, ʤʦʜʫʣʘʥʘ ʘʨʠʪʤʝʪʠʢʘ, Groebnerova ʙʘʟʘ, ʙʨʟʘ Furieʦʚʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ. ʊʝʭʥʠʢʝ ʬʘʢʪʦʨʠʟʘʮʠʿʝ. ʈʝʰʘʚʘˁʝ 

ʣʠʥʝʘʨʥʠʭ ʠ ʥʝʣʠʥʝʘʨʥʠʭ ʿʝʜʥʘʯʠʥʘ ʠ ʥʝʿʝʜʥʘʯʠʥʘ ʫ ʨʘʟʣʠʯʠʪʠʤ ʜʦʤʝʥʠʤʘ. ʇʨʠʤʝʥʘ ʨʝʟʫʣʪʘʥʪʠ ʫ ʨʝʰʘʚʘˁʫ 

ʩʠʩʪʝʤʘ ʧʦʣʠʥʦʤʠʿʘʣʥʠʭ ʿʝʜʥʘʯʠʥʘ, ʬʦʨʤʫʣʝ Sylvesterʦʚʦʛ ʪʠʧʘ, ʬʦʨʤʫʣʝ Bezoutʦʚʦʛ ʪʠʧʘ. ɸʫʪʦʤʘʪʩʢʦ ʜʦʢʘʟʠʚʘˁʝ 

ʪʝʦʨʝʤʘ ʠʟ ʘʢʩʠʦʤʘ. ɼʦʢʘʟʠʚʘˁʝ ʢʦʤʙʠʥʘʪʦʨʥʠʭ ʠʜʝʥʪʠʪʝʪʘ. ʇʘʨʘʤʝʪʨʠʟʘʮʠʿʘ ʘʣʛʝʙʘʨʩʢʠʭ ʢʨʠʚʠʭ ʠ ʧʦʚʨʰʠ. 

ʉʠʤʙʦʣʠʯʢʘ ʤʘʥʠʧʫʣʘʮʠʿʘ ʣʠʩʪʘʤa:, ʩʢʫʧʦʚʠ, ʧʨʘʚʠʣʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ, ʜʝʬʠʥʠʩʘˁʝ ʬʫʥʢʮʠʿʘ, ʜʝʬʠʥʠʩʘˁʝ 

ʠʥʜʝʢʩʠʨʘʥʠʭ ʦʙʿʝʢʘʪʘ. ʉʠʤʙʦʣʠʯʢʘ ʦʙʨʘʜʘ ʧʦʜʘʪʘʢʘ ʫ ʣʠʥʝʘʨʥʦ ʿʘʣʛʝʙʨʠ: ʈʝʪʢʠ ʥʠʟʦʚʠ ʠ ʤʘʪʨʠʮʝ. ʇʨʘʚʠʣʘ 

ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʠ ʜʝʬʠʥʠʮʠʿʝ. ʇʦʣʠʥʦʤʠʿʘʣʥʝ ʤʘʪʨʠʮʝ ʠ ʤʘʪʨʠʮʝ ʨʘʮʠʦʥʘʣʥʠʭ ʠʟʨʘʟʘ. ʉʠʤʙʦʣʠʯʢʘ ʠʟʨʘʯʫʥʘʚʘˁʘ ʫ 

ʥʫʤʝʨʠʯʢʦʿ ʣʠʥʝʘʨʥʦʿ ʘʣʛʝʙʨʠ. ʌʫʥʢʮʠʦʥʘʣʥʝ ʦʧʝʨʘʮʠʿʝ: ʀʤʝʥʘ ʬʫʥʢʮʠʿʘ ʢʘʦ ʠʟʨʘʟʠ, ʨʝʧʝʪʠʪʠʚʥʦ ʢʦʨʠʰ˂ʝˁʝ 

ʬʫʥʢʮʠʿʘ, ʧʨʠʤʝʥʘ ʬʫʥʢʮʠʿʘ ʥʘ ʣʠʩʪʝ ʠ ʦʩʪʘʣʝ ʠʟʨʘʟʝ, ʧʨʠʤʝʥʘ ʬʫʥʢʮʠʿʝ ʥʘ ʜʝʣʦʚʝ ʠʟʨʘʟʘ, ʯʠʩʪʝ ʬʫʥʢʮʠʿʝ, ʬʫʥʢʮʠʿʝ 

ʚʠʰʝʛ ʨʝʜʘ. ʉʠʤʙʦʣʠʯʢʘ ʠʟʨʘʯʫʥʘʚʘˁʘ ʫ ʧʘʢʝʪʫ Mathematica: ʉʪʘʥʜʘʨʜʥʘ ʬʦʨʤʘ ʠʟʨʘʟʘ, ʜʝʣʦʚʠ ʠʟʨʘʟʘ, ʠʟʨʘʟʠ ʢʘʦ 

ʣʠʩʪʝ, ʠʟʨʘʟʠ ʢʘʦ ʩʪʘʙʣʘ, ʥʠʚʦʠ ʠʟʨʘʟʘ, ʩʝʣʝʢʪʦʚʘˁʝ ʜʝʣʦʚʘ ʠʟʨʘʟʘ, ʠʟʨʘʟʠ ʩʘ ʛʣʘʚʘʤʘ ʢʦʿʝ ʥʠʩʫ ʩʠʤʙʦʣʠ, ʨʘʜ ʩʘ 

ʦʧʝʨʘʪʦʨʠʤʘ, ʐʘʙʣʦʥʠ: ʉʣʘʛʘˁʝ ʰʘʙʣʦʥʘ ʫ ʿʝʟʠʢʫ Mathematica, ʧʦʩʪʘʚˀʘˁʝ ʦʛʨʘʥʠʯʝˁʘ ʥʘ ʰʘʙʣʦʥʝ, ʬʫʥʢʮʠʿʝ ʩʘ 

ʧʨʦʤʝʥˀʠʚʠʤ ʙʨʦʿʝʤ ʘʨʛʫʤʝʥʘʪʘ, ʦʧʮʠʦʥʠ ʠ ʧʦʜʨʘʟʫʤʝʚʘʥʠ ʘʨʛʫʤʝʥʪʠ. ʄʝʤʦʠʟʘʮʠʿʘ. ʋʧʨʦʰ˂ʘʚʘˁʝ ʠʟʨʘʟʘ. 

Mathematica ʢʘʦ ʧʨʦʛʨʘʤʩʢʠ ʿʝʟʠʢ. ʉʠʤʙʦʣʠʯʢʦ ʜʠʬʝʨʝʥʮʠʨʘˁʝ ʠ ʠʥʪʝʛʨʘʮʠʿʘ: ʉʠʤʙʦʣʠʯʢʦ ʨʝʰʘʚʘˁʝ 

ʘʣʛʝʙʘʨʩʢʠʭ ʜʠʬʝʨʝʥʮʠʿʘʣʥʠʭ ʿʝʜʥʘʯʠʥʘ, ʧʨʠʤʝʥʘ ʩʠʤʙʦʣʠʯʢʦʛ ʠʟʨʘʯʫʥʘʚʘˁʫ ʫ ʨʝʰʘʚʘˁʫ ʜʠʥʘʤʠʯʢʠʭ ʩʠʩʪʝʤʘ.  

Mathematica ʢʘʦ ʧʘʢʝʪ ʟʘ ʨʘʜ ʩʘ ʙʘʟʘʤʘ. ʇʦʚʝʟʠʚʘˁʝ ʩʘ ʙʘʟʦʤ, ʫʤʝʪʘˁʝ ʧʦʜʘʪʘʢʘ, ʘʞʫʨʠʨʘˁʝ ʧʦʜʘʪʘʢʘ, ʙʨʠʩʘˁʝ 

ʧʦʜʘʪʘʢʘ, ODBC ʢʦʥʝʢʮʠʿʝ, ʫʧʠʪʠ. ɼʠʥʘʤʠʯʢʘ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪ. ʋʧʦʪʨʝʙʘ ʜʠʥʘʤʠʯʢʝ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ. ʋʧʦʪʨʝʙʘ 

ʬʫʥʢʮʠʿʝ Manipulate. ʆʙʨʘʜʘ ʠ ʨʝʧʨʝʟʝʥʪʘʮʠʿʘ ʛʨʘʬʦʚʘ. ʇʨʦʮʝʩʠʨʘˁʝ ʩʣʠʢʘ ʫ ʧʘʢʝʪʫ Mathematica. ʂʨʝʠʨʘˁʝ ʠ 

ʨʝʧʨʝʟʝʥʪʘʮʠʿʘ ʩʣʠʢʘ. ɹʘʟʠʯʥʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʥʘ ʩʣʠʢʘʤʘ.  

 

ʇʨʘʢʪʠʯʥʘ ʥʘʩʪʘʚʘ  

ʀʟʨʘʜʘ ʩʪʫʜʠʿʩʢʠʭ ʠʩʪʨʘʞʠʚʘʯʢʠʭ ʨʘʜʦʚʘ ʫ ʢʦʿʠʤʘ ˂ʝ ʩʪʫʜʝʥʪʠ ʨʝʰʘʚʘʪʠ ʥʝʢʝ ʧʨʦʙʣʝʤʝ ʫ ʥʘʫʮʠ ʢʘʦ ʠ ʫ ʧʨʘʢʪʠʯʥʠʤ 

ʧʨʠʤʝʥʘʤʘ. 
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ɹʨʦʿ ʯʘʩʦʚʘ  ʘʢʪʠʚʥʝ ʥʘʩʪʘʚʝ ʊʝʦʨʠʿʩʢʘ ʥʘʩʪʘʚʘ: 4 ʇʨʘʢʪʠʯʥʘ ʥʘʩʪʘʚʘ: 

ʄʝʪʦʜʝ ʠʟʚʦʹʝˁʘ ʥʘʩʪʘʚʝ 

ɼʠʩʢʫʩʠʿʘ ʩʘ ʩʪʫʜʝʥʪʠʤʘ ʫ ʚʝʟʠ ʩʘ ʪʝʤʘʤʘ ʥʘʚʝʜʝʥʠʤ ʫ ʩʘʜʨʞʘʿʫ.ʉʪʫʜʝʥʪʠ ˂ʝ ʜʦʙʠʿʘʪʠ ʟʘʜʘʪʢʝ ʢʦʿʝ ˂ʝ ʨʝʰʘʚʘʪʠ ʢʦʜ 

ʢʫ˂ʝ. ɸʥʘʣʠʟʘ ʫʨʘʹʝʥʠʭ ʜʦʤʘ˂ʠʭ ʟʘʜʘʪʘʢʘ ʥʘ ʯʘʩʫ. ɼʠʩʢʫʩʠʿʘ. ʀʟʨʘʜʘ ʩʝʤʠʥʘʨʩʢʠʭ ʨʘʜʦʚʘ ʠ ʘʥʘʣʠʟʘ ʩʝʤʠʥʘʨʩʢʠʭ 

ʨʘʜʦʚʘ. 

ʆʮʝʥʘ  ʟʥʘˁʘ (ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ ʧʦʝʥʘ 100) 

ʇʨʝʟʝʥʪʘʮʠʿʘ ʧʨʦʿʝʢʘʪʘ ï 30, ʩʝʤʠʥʘʨʠ ï 30, ʜʦʤʘ˂ʠ ʟʘʜʘʮʠ ï 10, ʫʩʤʝʥʠ ʠʩʧʠʪ ï 30. 

 

  



ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ : ɼɸʉ ʈɸʏʋʅɸʈʉʂɽ ʅɸʋʂɽ 

ʅʘʟʠʚ ʧʨʝʜʤʝʪʘ: ʄʈɽɾɽ ʀ ʋʈɽɫɽʅɽ ɸʃɻɽɹɸʈʉʂɽ ʉʊʈʋʂʊʋʈɽ  

ʅʘʩʪʘʚʥʠʢ ʠʣʠ ʥʘʩʪʘʚʥʠʮʠ: ɱʝʣʝʥʘ ʄ. ʀʛˁʘʪʦʚʠ˂ 

ʉʪʘʪʫʩ ʧʨʝʜʤʝʪʘ: ʀʟʙʦʨʥʠ 

ɹʨʦʿ ɽʉʇɹ: 10 

ʋʩʣʦʚ: ʥʝʤʘ 

ʎʠˀ ʧʨʝʜʤʝʪʘ 

ʋʧʦʟʥʘʚʘˁʝ ʩʘ ʦʩʥʦʚʥʠʤ ʢʦʥʮʝʧʪʠʤʘ ʪʝʦʨʠʿʘ ʫʨʝʹʝʥʠʭ ʩʢʫʧʦʚʘ, ʤʨʝʞʘ ʠ ʫʨʝʹʝʥʠʭ ʘʣʛʝʙʘʨʩʢʠʭ ʩʪʨʫʢʪʫʨʘ, ʢʘʦ ʠ ʩʘ ˁʠʭʦ-

ʚʠʤ ʧʨʠʤʝʥʘʤʘ, ʧʨʝ ʩʚʝʛʘ ʫ ʤʘʪʝʤʘʪʠʯʢʦʿ ʣʦʛʠʮʠ ʠ ʪʝʦʨʠʿʩʢʦʤ ʨʘʯʫʥʘʨʩʪʚʫ. 

ʀʩʭʦʜ ʧʨʝʜʤʝʪʘ  

ʅʘ ʢʨʘʿʫ ʢʫʨʩʘ ʩʪʫʜʝʥʪ ʪʨʝʙʘ ʜʘ ʦʚʣʘʜʘ ʦʩʥʦʚʥʠʤ ʠʜʝʿʘʤʘ, ʢʦʥʮʝʧʪʠʤʘ ʠ ʨʝʟʫʣʪʘʪʠʤʘ ʪʝʦʨʠʿʘ ʫʨʝʹʝʥʠʭ ʩʢʫʧʦʚʘ, ʤʨʝʞʘ 

ʠ ʫʨʝʹʝʥʠʭ ʘʣʛʝʙʘʨʩʢʠʭ ʩʪʨʫʢʪʫʨʘ, ʠ ʜʘ ʙʫʜʝ ʦʩʧʦʩʦʙˀʝʥ ʜʘ ʪʝ ʠʜʝʿʝ, ʢʦʥʮʝʧʪʝ ʠ ʨʝʟʫʣʪʘʪʝ ʩʘʤʦʩʪʘʣʥʦ ʧʨʘʢʪʠʯʥʦ ʧʨʠʤʝ-

ʥʠ ʫ ʥʘʫʯʥʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʫ ʦʢʚʠʨʫ ʪʠʭ ʠʩʪʠʭ ʠʣʠ ʥʝʢʠʭ ʜʨʫʛʠʭ ʥʘʫʯʥʠʭ ʦʙʣʘʩʪʠ.  

ʉʘʜʨʞʘʿ ʧʨʝʜʤʝʪʘ 

ʋʨʝʹʝʥʠ ʩʢʫʧʦʚʠ: ʂʚʘʟʠ-ʫʨʝʹʝˁʘ, ʫʨʝʹʝˁʘ ʠ ʫʨʝʹʝʥʠ ʩʢʫʧʦʚʠ, ʧʨʝʜʩʪʘʚˀʘˁʝ ʫʨʝʹʝʥʠʭ ʩʢʫʧʦʚʘ, ʠʩʪʘʢʥʫʪʠ ʝʣʝʤʝʥʪʠ ʫʨʝ-

ʹʝʥʠʭ ʩʢʫʧʦʚʘ, ʠʜʝʘʣʠ ʠ ʬʠʣʪʝʨʠ ʫʨʝʹʝʥʠʭ ʩʢʫʧʦʚʘ, ʠʟʦʪʦʥʘ ʠ ʘʥʪʠʪʦʥʘ ʧʨʝʩʣʠʢʘʚʘˁʘ, ʠʟʦʤʦʨʬʠʟʤʠ ʫʨʝʹʝʥʠʭ ʩʢʫʧʦʚʘ, 

ʦʧʝʨʘʪʦʨʠ ʟʘʪʚʦʨʝˁʘ ʠ ʚʝʟʝ ɻʘʣʫʘ. ʄʨʝʞʝ: ʄʨʝʞʝ ʢʘʦ ʫʨʝʹʝʥʠ ʩʢʫʧʦʚʠ, ʤʨʝʞʝ ʢʘʦ ʘʣʛʝʙʘʨʩʢʝ ʩʪʨʫʢʪʫʨʝ, ʧʦʜʤʨʝʞʝ, 

ʢʦʥʛʨʫʝʥʮʠʿʝ ʠ ʭʦʤʦʤʦʨʬʠʟʤʠ ʤʨʝʞʘ, ʠʜʝʘʣʠ ʠ ʬʠʣʪʨʠ ʤʨʝʞʘ,  ʦʛʨʘʥʠʯʝʥʝ ʤʨʝʞʝ, ʢʦʤʧʣʝʪʥʝ ʤʨʝʞʝ, ʢʦʤʧʣʝʪʠʟʘʮʠʿʘ, 

ʘʣʛʝ-ʙʘʨʩʢʝ ʤʨʝʞʝ, ʤʨʝʞʝ ʨʝʣʘʮʠʿʘ, ʤʨʝʞʝ ʧʦʜʘʣʛʝʙʨʠ ʠ ʢʦʥʛʨʫʝʥʮʠʿʘ, ʤʨʝʞʝ ʠʜʝʘʣʘ ʠ ʬʠʣʪʨʘ. ɺʘʞʥʠ ʪʠʧʦʚʠ ʤʨʝʞʘ: 

ʄʦʜʫʣʘʨʥʝ ʠ ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ, ʙʝʩʢʦʥʘʯʥʦ ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʠ ʧʦʪʧʫʥʦ ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ, ʨʝʧʨʝʟʝʥʪʘʮʠʿʘ ʤʨʝʞʘ, 

ʢʦʤʧʣʝʤʝʥʪʠʨʘˁʝ ʠ ʧʩʝʫʜʦ-ʢʦʤʧʣʝʤʝʥʪʠʨʘˁʝ, ɹʫʣʦʚʝ ʘʣʛʝʙʨʝ, ʦʨʪʦʤʦʜʫʣʘʨʥʝ ʤʨʝʞʝ, ɹʨʘʫʝʨʦʚʝ ʤʨʝʞʝ. ʊʝʦʨʝʤʝ ʦ 

ʬʠʢʩʥʦʿ ʪʘʯʢʠ: ʊʝʦʨʝʤʘ ʂʥʘʩʪʝʨ-ʊʘʨʩʢʦʛ, ʊʝʦʨʝʤʘ ʂʣʠʥʠʿʘ. ʋʨʝʹʝʥʝ ʘʣʛʝʙʘʨʩʢʝ ʩʪʨʫʢʪʫʨʝ: ʫʨʝʹʝʥʝ ʧʦʣʫʛʨʫʧʝ ʠ ʤʦʥʦ-

ʠʜʠ, ʤʨʝʞʥʦ ʫʨʝʹʝʥʝ ʧʦʣʫʛʨʫʧʝ, ʧʨʠʨʦʜʥʦ ʫʨʝʹʝˁʝ ʥʘ ʧʦʣʫʛʨʫʧʠ, ʢʚʘʥʪʘʣʠ, ʫʨʝʹʝʥʠ ʧʦʣʫʧʨʩʪʝʥʠ,  ʧʨʠʨʦʜʥʦ ʫʨʝʹʝˁʝ 

ʥʘ ʧʦʣʫʧʨʩʪʝʥʫ, ʜʠʦʠʜʠ, ʢʚʘʥʪʘʣʠ, ʘʜʠʪʠʚʥʦ ʠʜʝʤʧʦʪʝʥʪʥʠ ʧʦʣʫʧʨʩʪʝʥʠ, ʨʝʟʠʜʫʠʨʘʥʝ ʘʣʛʝʙʘʨʩʢʝ ʩʪʨʫʢʪʫʨʝ, ʨʝʟʠʜʫʠ-

ʨʘʥʝ ʧʦʣʫʛʨʫʧʝ, ʨʝʟʠʜʫʠʨʘʥʠ ʧʦʣʫʧʨʩʪʝʥʠ, ʨʝʟʠʜʫʠʨʘʥʠ ʧʦʣʫʤʦʜʫʣʠ, ʨʝʟʠʜʫʠʨʘʥʝ ʤʨʝʞʝ, ʍʝʿʪʠʥʛʦʚʝ ʘʣʛʝʙʨʝ, ɹʃ-ʘʣʛʝʙ-

ʨʝ, ʄɺ-ʘʣʛʝʙʨʝ, Gºdel-ʦʚʝ ʘʣʛʝʙʨʝ, ʪʨʦʫʛʘʦʥʝ ʥʦʨʤʝ ʥʘ ʨʝʘʣʥʦʤ ʿʝʜʠʥʠʯʥʦʤ ʠʥʪʝʨʚʘʣʫ, ʦʩʥʦʚʥʝ ʬʘʟʠ ʩʪʨʫʢʪʫʨʝ, ʬʘʟʠ 

ʣʦʛʠʢʝ,  max-plus, min-plus ʠ max-min ʘʣʛʝʙʨʝ, ʧʨʠʤʝʥʘ ʤʨʝʞʘ ʠ ʫʨʝʹʝʥʠʭ ʘʣʛʝʙʘʨʩʢʠʭ ʩʪʨʫʢʪʫʨʘ ʫ ʤʘʪʝʤʘʪʠʯʢʦʿ ʣʦʛʠʮʠ 

ʠ ʨʘʯʫʥʘʨʩʢʠʤ ʥʘʫʢʘʤʘ. 

ʇʨʝʧʦʨʫʯʝʥʘ ʣʠʪʝʨʘʪʫʨʘ  

1. B. A. Davey and H. A. Priestley, Introduction to Lattices and Order, Cambridge University Press, Cambridge, 2002. 

2. B. Ġeġelja, Teorija mreģa, Univerzitet u Novom Sadu, Prirodno-matematiļki fakultet, 2006.  

3. G. Birkhoff, Lattice Theory, American Mathematical Society, Providence, Rhode Island, 1984. 

4. T. S. Blyth, Lattices and Ordered Algebraic Structures, Springer, London, 2005. 

5. M. Gondran, M. Minoux, Graphs, Dioids and Semirings ï New Models and Algorithms, Springer, Berlin, 2008. 

6. N. Galatos, P. Jipsen, T. Kowalski, H. Ono, Residuated Lattices - An Algebraic Glimpse at Substructural Logics, Elsevier, 

2007. 

ɹʨʦʿ ʯʘʩʦʚʘ  ʘʢʪʠʚʥʝ ʥʘʩʪʘʚʝ ʊʝʦʨʠʿʩʢʘ ʥʘʩʪʘʚʘ: 4 ʇʨʘʢʪʠʯʥʘ ʥʘʩʪʘʚʘ: 

ʄʝʪʦʜʝ ʠʟʚʦʹʝˁʘ ʥʘʩʪʘʚʝ 

ʅʘ ʧʨʝʜʘʚʘˁʠʤʘ ʩʝ ʢʦʨʠʩʪʝ ʢʣʘʩʠʯʥʝ ʤʝʪʦʜʝ ʥʘʩʪʘʚʝ ʫʟ ʢʦʨʠʰ˂ʝˁʝ ʚʠʜʝʦ ʧʨʦʿʝʢʪʦʨʘ ʠ ʠʥʪʝʨʘʢʮʠʿʫ ʩʘ ʩʪʫʜʝʥʪʠʤʘ. ɿʥʘˁʝ 

ʩʪʫʜʝʥʘʪʘ ʩʝ ʪʝʩʪʠʨʘ ʧʨʝʢʦ ʠʟʨʘʜʝ ʜʦʤʘ˂ʠʭ ʟʘʜʘʪʘʢʘ ʠ ʦʜʙʨʘʥʝ ʩʝʤʠʥʘʨʩʢʠʭ ʨʘʜʦʚʘ. ʅʘ ʟʘʚʨʰʥʦʤ ʫʩʤʝʥʦʤ ʠʩʧʠʪʫ ʩʝ 

ʧʨʦʚʝʨʘʚʘ ʩʚʝʦʙʫʭʚʘʪʥʦ ʨʘʟʫʤʝʚʘˁʝ ʠʟʣʦʞʝʥʦʛ ʛʨʘʜʠʚʘ. 

ʆʮʝʥʘ  ʟʥʘˁʘ (ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ ʧʦʝʥʘ 100): ɼʦʤʘ˂ʠ ʟʘʜʘʮʠ ï 10, ʩʝʤʠʥʘʨʩʢʠ ʨʘʜ ï 20, ʫʩʤʝʥʠ ʠʩʧʠʪ ï 70.   

 

  



ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ : ɼɸʉ ʈɸʏʋʅɸʈʉʂɽ ʅɸʋʂɽ 

ʅʘʟʠʚ ʧʨʝʜʤʝʪʘ: ʅɸʇʈɽɼʅʀ ʂʋʈʉ ʀɿ ʅʋʄɽʈʀʏʂɽ ʆʇʊʀʄʀɿɸʎʀɱɽ  

ʅʘʩʪʘʚʥʠʢ ʠʣʠ ʥʘʩʪʘʚʥʠʮʠ: ʄʘʨʢʦ ɹ. ʄʠʣʘʜʠʥʦʚʠ˂ 

ʉʪʘʪʫʩ ʧʨʝʜʤʝʪʘ: ʀʟʙʦʨʥʠ 

ɹʨʦʿ ɽʉʇɹ: 10 

ʋʩʣʦʚ: ʥʝʤʘ 

ʎʠˀ ʧʨʝʜʤʝʪʘ 

ʆʚʣʘʜʘʚʘˁʝ ʧʦʩʪʫʧʮʠʤʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʦʧʪʠʤʘʣʥʦʛ ʨʝʰʝˁʘ ʧʨʦʙʣʝʤʘ ʤʠʥʠʤʠʟʘʮʠʿʝ ʥʝʣʠʥʝʘʨʥʠʭ ʬʫʥʢʮʠʿʘ ʩʘ ʠ ʙʝʟ 

ʦʛʨʘʥʠʯʝˁʘ ʠ ʧʨʠʤʝʥʘ ʘʣʛʦʨʠʪʘʤʘ. ɽʬʠʢʘʩʥʦ ʠʟʨʘʯʫʥʘʚʘˁʝ ʛʨʘʜʠʿʝʥʘʪʘ ʢʘʦ ʦʩʥʦʚʥʦʛ ʦʨʫʹʘ ʫ ʥʫʤʝʨʠʯʢʦʿ ʦʧʪʠʤʠʟʘʮʠʿʠ. 

ʈʘʟʫʤʝʚʘˁʝ ʪʝʦʨʠʿʩʢʠʭ ʧʦʿʤʦʚʘ, ʘʥʘʣʠʟʘ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʦʧʪʠʤʠʟʘʮʠʦʥʠʭ ʤʝʪʦʜʘ ʢʦʜ ʧʨʦʙʣʝʤʘ ʩʘ ʚʝʣʠʢʠʤ ʙʨʦʿʝʤ 

ʧʨʦʤʝʥˀʠʚʠʭ. ʇʨʘʢʪʠʯʥʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʘʣʛʦʨʠʪʘʤʘ ʠ ʤʝʪʦʜʘ. 

ʀʩʭʦʜ ʧʨʝʜʤʝʪʘ  

ʅʘ ʢʨʘʿʫ ʢʫʨʩʘ ʩʪʫʜʝʥʪ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʩʧʦʩʦʙʘʥ ʜʘ ʩʘʤʦʩʪʘʣʥʦ ʨʝʰʘʚʘ ʥʘʧʨʝʜʥʠʿʝ ʧʨʦʙʣʝʤʝ ʥʫʤʝʨʠʯʢʝ ʦʧʪʠʤʠʟʘʮʠʿʝ 

ʧʨʠʤʝʥʦʤ ʧʦʟʥʘʪʠʭ ʘʣʛʦʨʠʪʘʤʘ ʠ ˁʠʭʦʚʠʭ ʤʦʜʠʬʠʢʘʮʠʿʘ, ʥʘʨʦʯʠʪʦ ʧʨʦʙʣʝʤʘ ʩʘ ʚʝʣʠʢʠʤ ʙʨʦʿʝʤ ʧʨʦʤʝʥˀʠʚʠʭ 

ʉʘʜʨʞʘʿ ʧʨʝʜʤʝʪʘ 

ʊʝʦʨʠʿʩʢʘ ʥʘʩʪʘʚʘ:  

ʅʝʣʠʥʝʘʨʥʠ ʧʨʦʙʣʝʤ ʥʘʿʤʘˁʠʭ ʢʚʘʜʨʘʪʘ: ʦʩʥʦʚʠ, ʨʝʛʨʝʩʠʿʘ, ʣʠʥʝʘʨʘʥ ʧʨʦʙʣʝʤ ʥʘʿʤʘˁʠʭ ʢʚʘʜʨʘʪʘ, ɻʘʫʩ-ɳʫʪʥʦʚ ʤʝʪʦʜ, 

ʃʝʚʝʥʙʝʨʛ-ʦʚ ʤʝʪʦʜ, ʤʦʜʠʬʠʢʘʮʠʿʝ ʃʝʚʝʥʙʝʨʛʦʚʦʛ ʤʝʪʦʜʘ 

ʀʟʨʘʯʫʥʘʚʘˁʝ ʛʨʘʜʠʿʝʥʘʪʘ: ɸʧʨʦʢʩʠʤʘʮʠʿʘ ʠʟʚʦʜʘ ʢʦʥʘʯʥʦʤ ʨʘʟʣʠʢʦʤ, ʘʧʨʦʢʩʠʤʘʮʠʿʘ ʛʨʘʜʠʿʝʥʘʪʘ, ʘʧʨʦʢʩʠʤʘʮʠʿʘ 

ʨʝʪʢʦʛ ɱʘʢʦʙʠʿʘʥʘ, ʘʧʨʦʢʩʠʤʘʮʠʿʘ ʍʝʩʠʿʘʥʘ ʠ ʨʝʪʢʦʛ ʍʝʩʠʿʘʥʘ, ʘʫʪʦʤʘʪʩʢʘ ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʘ 

ʂʚʘʟʠ ɳʫʪʥʦʚʠ ʤʝʪʦʜʠ ʟʘ ʧʨʦʙʣʝʤʝ ʚʝʣʠʢʠʭ ʜʠʤʝʥʟʠʿʘ: ɹʌɻʉ ʤʝʪʦʜ ʩʘ ʦʛʨʘʥʠʯʝʥʦʤ ʤʝʤʦʨʠʿʦʤ (ʃ-ɹʌɻʉ), ʚʝʟʘ ʩʘ 

ʤʝʪʦʜʠʤʘ ʢʦˁʫʛʦʚʘʥʠʭ ʛʨʘʜʠʿʝʥʘʪʘ, ʘʞʫʨʠʨʘˁʝ ʃ-ɹʌɻʉ ʧʘʨʘʤʝʪʘʨʘ, ʘʞʫʨʠʨʘˁʝ ʨʝʪʢʠʭ ʢʚʘʟʠ-ɳʫʪʥʦʚʠʭ ʤʘʪʨʠʮʘ 

ʆʧʪʠʤʠʟʘʮʠʿʘ ʩʘ ʦʛʨʘʥʠʯʝˁʝʤ: ʜʦʧʫʩʪʠʚ ʩʢʫʧ, ʂʘʨʫʰïʂʘʥïʊʘʢʝʨ-ʦʚʠ ʫʩʣʦʚʠ, ʦʧʪʠʤʘʣʥʠ ʫʩʣʦʚʠ ʧʨʚʦʛ ʨʝʜʘ, 

ʃʘʛʨʘʥʞʝ-ʦʚʠ ʤʥʦʞʠʪʝˀʠ, ʦʧʪʠʤʘʣʥʠ ʫʩʣʦʚʠ ʜʨʫʛʦʛ ʨʝʜʘ 

ʀʤʧʣʝʤʝʥʪʘʮʠʿʘ ʘʣʛʦʨʠʪʘʤʘ ʧʦʢʨʠʚʝʥʠʭ ʫ ʪʝʦʨʠʿʩʢʦʿ ʥʘʩʪʘʚʠ ʫ ʧʨʦʛʨʘʤʩʢʠʤ ʿʝʟʠʮʠʤʘ Matlab, C++, Python   

ʇʨʝʧʦʨʫʯʝʥʘ ʣʠʪʝʨʘʪʫʨʘ  

1. M. Miladinoviĺ, P. Stanimiroviĺ, Nelinearna optimizacija, Univerzitet u Niġu, 2015., ISBN 978-86-6275-041-9 

2. J. Nocedal and S.J. Wright, Numerical Optimization, Springer Series in Operations Research, Springer,  1999, ISBN 

978-0-387-40065-5 

3. J.F. Bonnans, J.C. Gilbert, C. Lemarechal, C.A. Sagastizábal, Numerical Optimization - Theoretical and Practical 

Aspects, Springer-Verlag Berlin Heidelberg, 2006, ISBN 978-3-540-35447-5 

ɹʨʦʿ ʯʘʩʦʚʘ  ʘʢʪʠʚʥʝ ʥʘʩʪʘʚʝ ʊʝʦʨʠʿʩʢʘ ʥʘʩʪʘʚʘ: 4 ʇʨʘʢʪʠʯʥʘ ʥʘʩʪʘʚʘ: 

ʄʝʪʦʜʝ ʠʟʚʦʹʝˁʘ ʥʘʩʪʘʚʝ 

ʅʘ ʧʨʝʜʘʚʘˁʠʤʘ ʩʝ ʢʦʨʠʩʪʝ ʢʣʘʩʠʯʥʝ ʤʝʪʦʜʝ ʥʘʩʪʘʚʝ ʫʟ ʠʥʪʝʨʘʢʮʠʿʫ ʩʘ ʩʪʫʜʝʥʪʠʤʘ ʛʜʝ ʩʝ ʨʝʘʣʠʟʫʿe ʠʟʣʦʞʝʥa ʤʘʪʝʨʠʿʘ 

ʠ ʨʝʰʘʚʘʿʫ ʪʠʧʠʯʥʠ ʧʨʦʙʣʝʤʠ. ɿʥʘˁʝ ʩʪʫʜʝʥʘʪʘ ʩʝ ʪʝʩʪʠʨʘ ʧʨʝʢʦ ʠʟʨʘʜʝ ʩʝʤʠʥʘʨʩʢʠʭ ʨʘʜʦʚʘ ʢʦʿʠ ʦʙʫʭʚʘʪʘʿʫ ʠ ʧʨʘʢʪʠʯʥʫ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʤʝʪʦʜʘ ʠ ˁʠʭʦʚʠʭ ʫʥʘʧʨʝʹʝˁʘ. ʅʘ ʢʨʘʿʫ ʩʝ ʩʧʨʦʚʦʜʠ ʠ ʟʘʚʨʰʥʠ ʠʩʧʠʪ, ʛʜʝ ʩʝ ʧʨʦʚʝʨʘʚʘ ʩʪʝʧʝʥ 

ʨʘʟʫʤʝʚʘˁʘ ʠʟʣʦʞʝʥʦʛ ʛʨʘʜʠʚʘ ʠ ʩʧʦʩʦʙʥʦʩʪ ʧʨʠʤʝʥʝ ʩʪʝʯʝʥʦʛ ʟʥʘˁʘ. 

ʆʮʝʥʘ  ʟʥʘˁʘ (ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ ʧʦʝʥʘ 100) 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 
ʧʦʝʥʘ 

 
ɿʘʚʨʰʥʠ ʠʩʧʠʪ  ʧʦʝʥʘ 

ʘʢʪʠʚʥʦʩʪ ʫ ʪʦʢʫ ʧʨʝʜʘʚʘˁʘ 10 ʧʠʩʘʥʠ ʠʩʧʠʪ  

ʧʨʘʢʪʠʯʥʘ ʥʘʩʪʘʚʘ  ʫʩʤʝʥʠ ʠʩʧʠʪ 60 

ʢʦʣʦʢʚʠʿʫʤ-ʠ    

ʩʝʤʠʥʘʨ-ʠ 30   

ʆʮʝʥʘ  ʟʥʘˁʘ (ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ ʧʦʝʥʘ 100): ʇʨʘʢʪʠʯʥʘ ʥʘʩʪʘʚʘ ï 40, ʩʝʤʠʥʘʨʩʢʠ ʨʘʜ ï 20, ʫʩʤʝʥʠ ʠʩʧʠʪ ï 40.   

  



ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ : ɼɸʉ ʈɸʏʋʅɸʈʉʂɽ ʅɸʋʂɽ 

ʅʘʟʠʚ ʧʨʝʜʤʝʪʘ: ʋʏɽɳɽ ʇʈʆɹɸɹʀʃʀʉʊʀʏʂʀʍ ɻʈɸʌʀʏʂʀʍ ʄʆɼɽʃɸ  

ʅʘʩʪʘʚʥʠʢ ʠʣʠ ʥʘʩʪʘʚʥʠʮʠ: ʄʠʣʘʥ ɿ. ɹʘʰʠ˂ 

ʉʪʘʪʫʩ ʧʨʝʜʤʝʪʘ: ʠʟʙʦʨʥʠ 

ɹʨʦʿ ɽʉʇɹ: 10 

ʋʩʣʦʚ: ʥʝʤʘ 

ʎʠˀ ʧʨʝʜʤʝʪʘ 

ʎʠˀ ʦʚʦʛ ʢʫʨʩʘ ʿʝ ʨʘʟʚʠʿʘˁʝ ʟʥʘˁʘ ʠ ʚʝʰʪʠʥʘ ʧʦʪʨʝʙʥʠʭ ʟʘ ʜʠʟʘʿʥ, ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʠ ʧʨʠʤʝʥʫ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʠʭ 

ʛʨʘʬʦʚʩʢʠʭ ʤʦʜʝʣʘ ʟʘ ʨʝʰʘʚʘˁʝ ʩʪʚʘʨʥʠʭ ʧʨʦʙʣʝʤʘ ʫ ʦʙʣʘʩʪʠʤʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ, ʨʘʯʫʥʘʨʩʢʦʿ ʦʙʨʘʜʠ ʩʣʠʢʘ ʠ ʚʠʜʝʦ 

ʩʠʛʥʘʣʘ, ʧʨʦʮʝʩʠʨʘˁʫ ʧʨʠʨʦʜʥʦʛ ʿʝʟʠʢʘ ʠ ʙʠʦʠʥʬʦʨʤʘʪʠʮʠ.  

ʀʩʭʦʜ ʧʨʝʜʤʝʪʘ  

ʋ ʦʢʚʠʨʫ ʦʚʦʛ ʢʫʨʩʘ, ʩʪʫʜʝʥʪʠ ˂ʝ ʦʚʣʘʜʘʪʠ ʪʝʦʨʠʿʩʢʠʤ ʠ ʧʨʘʢʪʠʯʥʠʤ ʘʩʧʝʢʪʠʤʘ ʫʯʝˁʘ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʠʭ ʛʨʘʬʠʯʢʠʭ 

ʤʦʜʝʣʘ ʧʨʦʮʝʥʦʤ ʧʘʨʘʤʝʪʘʨʘ ʠ ʩʪʨʫʢʪʫʨʝ ʛʨʘʬʠʯʢʠʭ ʤʦʜʝʣʘ. ʇʦ ʟʘʚʨʰʝʪʢʫ ʢʫʨʩʘ, ʩʪʫʜʝʥʪʠ ˂ʝ ʙʠʪʠ ʦʩʧʦʩʦʙˁʝʥʠ ʜʘ 

ʩʘʤʦʩʪʘʣʥʦ ʨʝʰʘʚʘʿʫ ʦʩʥʦʚʥʝ ʧʨʦʙʣʝʤʝ  ʤʘʪʝʤʘʪʠʯʢʦʤ ʩʠʤʫʣʘʮʠʿʦʤ ʩʪʚʘʨʥʠʭ (ʬʠʟʠʯʢʠʭ) ʧʨʦʙʣʝʤʝ ʠ ʨʘʟʚʠ˂ʝ ʦʩʥʦʚʥʝ 

ʚʝʰʪʠʥʝ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʠ ʜʦʥʦʰʝˁʝ ʦʜʣʫʢʘ ʥʘ ʦʩʥʦʚʫ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠʭ ʤʦʜʝʣʘ. ʉʪʫʜʝʥʪʠ ˂ʝ ʨʘʜʠʪʠ ʥʘ ʫʯʝˁʫ 

ʘʣʛʦʨʠʪʘʤʘ ʧʨʦʘʙʠʣʠʩʪʠʯʢʝ ʛʨʘʬʠʯʢʝ ʤʦʜʝʣʝ. ɿʘ ʠʟʨʘʜʫ ʟʘʚʨʰʥʦʛ ʧʨʦʿʝʢʪʘ ʩʪʫʜʝʥʪʠ ˂ʝ ʤʦ˂ʠ ʦʧʮʠʦʥʦ ʜʘ ʢʦʨʠʩʪʝ 

ʧʨʦʛʨʘʤʩʢʝ ʿʝʟʠʢʘ ʉ++ ʠʣʠ MATLAB, ʢʘʦ ʠ ʩʚʝ ʜʦʩʪʫʧʥʝ ʙʠʙʣʠʦʪʝʢʝ. 

ʉʘʜʨʞʘʿ ʧʨʝʜʤʝʪʘ 

ʋʯʝˁʝ ʦʨʠʿʝʥʪʠʩʘʥʠʭ ʤʦʜʝʣʘ: ʦʩʥʦʚʝ ʪʝʦʨʠʿʝ ʫʯʝˁʘ (ʫʯʝˁʝ ʧʘʨʘʤʝʪʘʨʘ ʠ ʫʯʝˁʝ ʩʪʨʫʢʪʫʨʝ), ʤʘʢʩʠʤʘʣʥʘ ʧʨʦʮʝʥʘ 

ʚʝʨʦʚʘʪʥʦ˂ʝ (ʧʨʦʙʣʝʤ ʧʨʦʮʝʥʘ ʛʫʩʪʠʥʝ ʨʘʩʧʦʜʝʣʝ, ʄʦʥʪʝ-ʂʘʨʣʦ ʧʨʦʮʝʥʘ, ʢʦʥʮʝʧʪ ʬʫʥʢʮʠʿʝ ʛʫʙʠʪʢʘ, 

ʧʨʠʩʪʨʘʩʥʦʩʪ/ʚʘʨʠʿʘʥʩʘ ʫ ʝʤʧʠʨʠʿʩʢʠʤ ʧʦʜʘʮʠʤʘ), ʥʘʿʚʝ˂ʘ ʧʨʦʮʝʥʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʟʘ ɹʘʿʝʩʦʚʝ ʤʨʝʞʝ. 

ʋʯʝˁʝ ʫ ʥʝʦʨʠʿʝʥʪʠʩʘʥʠʤ ʤʦʜʝʣʠʤʘ: ʫʯʝˁʝ ʄʘʨʢʦʚˀʝʚʠʭ ʩʣʫʯʘʿʥʠʭ ʧʦˀʘ (ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʬʘʤʠʣʠʿʝ ʨʘʩʧʦʜʝʣʘ, 

ʤʘʢʩʠʤʘʣʥʘ ʧʨʦʮʝʥʘ ʫʯʝˁʝ ʄʘʨʢʦʚˀʝʚʠʭ ʩʣʫʯʘʿʥʠʭ ʧʦˀʘ), ʤʘʢʩʠʤʘʣʥʘ ʧʨʦʮʝʥʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʩʘ ʧʘʜʦʤ ʛʨʘʜʠʿʝʥʪʘ, 

ʘʧʨʦʢʩʠʤʘʪʠʚʥʝ ʪʝʭʥʠʢʝ ʫʯʝˁʘ ʠ ʧʩʝʫʜʦ-ʧʨʦʮʝʥʝ, ʫʯʝˁʝ ʫ ʫʩʣʦʚʥʠʤ ʩʣʫʯʘʿʥʠʤ ʧʦˀʠʤʘʤʘ, ʫʯʝˁʝ ʫ ɻʘʫʩʦʚʠʤ 

ʫʩʣʦʚʥʠʤ ʩʣʫʯʘʿʥʠʤ ʧʦˀʠʤʘ. 

ʋʯʝˁʝ ʫ ʤʦʜʝʣʠʤʘ ʩʘ ʣʘʪʝʥʪʥʠʤ ʧʨʦʤʝʥˀʠʚʘʤʘ: ʤʦʜʝʣʠ ʩʘ ʣʘʪʝʥʪʥʠʤ ʧʨʦʤʝʥˀʠʚʘʤʘ (ʤʦʜʝʣ ɻʘʫʩʦʚʠʭ ʤʝʰʘʚʠʥʘ, 

ʤʘʢʩʠʤʠʟʠʨʘˁʝ ʤʘʨʛʠʥʘʣʥʝ ʣʦʛ-ʚʝʨʦʚʘʪʥʦ˂ʝ), ʘʣʛʦʨʠʪʘʤ ʤʘʢʩʠʤʘʣʠʟʘʮʠʿʝ ʦʯʝʢʠʚʘˁʘ. 

ɹʘʿʝʩʦʚʩʢʦ ʫʯʝˁʝ: ɹʘʿʝʩʦʚʩʢʘ ʧʘʨʘʜʠʛʤʘ (ʤʦʜʝʣʠʨʘˁʝ ʧʘʨʘʤʘʝʪʘʨʘ ʢʘʦ ʩʣʫʯʘʿʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ, ʢʦˁʫʛʦʚʘʥʠ 

ʧʨʝʪʭʦʜʥʠʮʠ), ʛʝʥʝʨʘʣʠʟʘʮʠʿʘ ʙʠʥʘʨʥʠʭ ʤʦʜʝʣʘ ʢʦʨʠʰ˂ʝˁʝʤ ʢʘʪʝʛʦʨʠʯʢʠʭ ʧʨʦʤʝʥˀʠʚʠʭ. 

ʋʯʝˁʝ ʩʪʨʫʢʪʫʨʝ: ʋʯʝˁʝ ɹʘʿʝʩʦʚʩʢʠʭ ʤʨʝʞʘ (ʄʘʪʨʠʮʘ ʩʢʦʨʘ, ʏʘʦ-ʃʠʫ ʘʣʛʦʨʠʪʘʤ, ʛʨʘʤʟʠʚʠ ʘʣʛʦʨʠʪʤʠ ʪʨʘʞʝˁʘ, 

ʘʣʛʦʨʠʪʘʤ ʫʨʝʹʝʥʦʛ ʪʨʘʞʝˁʘ, ʘʣʛʦʨʠʪʘʤ ʙʘʟʠʨʘʥ ʥʘ ʮʝʣʦʙʨʦʿʥʦʤ ʣʠʥʝʘʨʥʦʤ ʧʨʦʛʨʘʤʠʨʘˁʫ), ɹʘʿʝʩʦʚ ʠʥʬʦʨʤʘʮʠʦʥʠ 

ʢʨʠʪʝʨʠʿʫʤ.  

ʇʨʝʧʦʨʫʯʝʥʘ ʣʠʪʝʨʘʪʫʨʘ 

1. Koller, Daphne, and Nir Friedman. Probabilistic graphical models: principles and techniques, MIT press, 2009. 

2. Bishop, Chris, Pattern Recognition and Machine Learning, Springer (India) Private Limited, 2013. 

3. Murphy P. Kevin,  Machine Learning: a Probabilistic Perspective, MIT press, 2013. 

4. David JC Mac Kay. Information theory, inference and learning algorithms, Cambridge university press, 2003. 

5. Barber, David, Bayesian Reasoning and Machine Learning, Cambridge university press, 2003. 

6. Wainwright, Martin J., and Michael I. Jordan. "Graphical models, exponential families, and variational 

inference." Foundations and Trends® in Machine Learning 1.1ï2 (2008): 1-305. 

ɹʨʦʿ ʯʘʩʦʚʘ  ʘʢʪʠʚʥʝ ʥʘʩʪʘʚʝ ʊʝʦʨʠʿʩʢʘ ʥʘʩʪʘʚʘ: 4 ʇʨʘʢʪʠʯʥʘ ʥʘʩʪʘʚʘ: 

ʄʝʪʦʜʝ ʠʟʚʦʹʝˁʘ ʥʘʩʪʘʚʝ 

ʇʨʝʜʘʚʘˁʝ, ʩʝʤʠʥʘʨʩʢʠ 

ʆʮʝʥʘ  ʟʥʘˁʘ (ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ ʧʦʝʥʘ 100) ɸʢʪʠʚʥʦʩʪ ʫ ʥʘʩʪʘʚʠ ï 20, ʉʝʤʠʥʘʨʩʢʠ ʨʘʜ ï 30, ʋʩʤʝʥʠ ʠʩʧʠʪ ï 50 
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ʅʘʟʠʚ ʧʨʝʜʤʝʪʘ: ɺʀɿʋɽʃʀɿɸʎʀɱɸ ʅɸʋʏʅʀʍ ʇʆɼɸʊɸʂɸ  

ʅʘʩʪʘʚʥʠʢ ʠʣʠ ʥʘʩʪʘʚʥʠʮʠ: ɺʝʩʥʘ ʀ. ɺʝʣʠʯʢʦʚʠ˂ 

ʉʪʘʪʫʩ ʧʨʝʜʤʝʪʘ: ʠʟʙʦʨʥʠ 

ɹʨʦʿ ɽʉʇɹ: 10 

ʋʩʣʦʚ: ʥʝʤʘ 

ʎʠˀ ʧʨʝʜʤʝʪʘ 

ʈʘʟʫʤʝʚʘˁʝ ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ ʥʘʫʯʥʠʭ ʧʦʜʘʪʘʢʘ ʠ ʤʦʛʫ˂ʥʦʩʪʠ ˁʠʭʦʚʦʛ ʛʨʘʬʠʯʢʦʛ ʧʨʝʜʩʪʘʚˀʘˁʘ. ʈʘʟʚʦʿ ʥʦʚʠʭ ʤʝʪʦʜʘ 

ʠ ʢʦʤʧʣʝʢʩʥʠʭ ʘʣʘʪʘ ʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʩʦʬʪʚʝʨʩʢʠʭ ʨʝʰʝˁʘ ʟʘ ʚʠʟʫʝʣʠʟʘʮʠʿʫ ʧʦʜʘʪʘʢʘ, ʧʨʦʮʝʩʘ ʠ ʨʝʰʝˁʘ ʧʨʦʙʣʝʤʘ ʫ 

ʥʘʫʯʥʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ 

ʀʩʭʦʜ ʧʨʝʜʤʝʪʘ  

ʉʪʫʜʝʥʪ ˂ʝ ʙʠʪʠ ʦʩʧʦʩʦʙˀʝʥ ʟʘ ʨʘʟʚʦʿ ʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʩʦʬʪʚʝʨʩʢʠʭ ʘʣʘʪʘ ʟʘ ʛʨʘʬʠʯʢʫ ʨʝʧʨʝʟʝʥʪʘʮʠʿʫ ʧʦʜʘʪʘʢʘ, 

ʧʦʩʪʫʧʘʢʘ ʠ ʨʝʰʝˁʘ ʧʨʦʙʣʝʤʘ ʩʚʦʿʠʭ ʠʩʪʨʘʞʠʚʘˁʘ. 

ʉʘʜʨʞʘʿ ʧʨʝʜʤʝʪʘ 

1D. ɺʨʝʤʝʥʩʢʝ ʩʝʨʠʿʝ. ɸʥʘʣʠʟʘ ʧʦʜʘʪʘʢʘ.  

2D. ʆʙʨʘʜʘ ʩʣʠʢʝ. ʌʠʣʪʨʠʨʘˁʘ. ʀʟʜʚʘʿʘˁʝ ʢʦʥʪʫʨʘ ʦʙʿʝʢʘʪʘ. ʊʨʘʥʩʬʦʨʤʘʮʠʿʝ. ʄʦʜʝʣʠʨʘˁʝ ʢʨʠʚʠʭ. 

3D. ʄʦʜʝʣʠʨʘˁʝ ʯʚʨʩʪʠʭ ʪʝʣʘ. ʇʨʝʜʩʪʘʚˁʘˁʝ ʯʝʩʪʠʮʘ ʠ ʜʠʬʫʟʥʠʭ ʦʙʿʝʢʘʪʘ.  

ɺʠʰʝʜʠʤʝʥʟʠʦʥʘʣʥʠ ʧʦʜʘʮʠ. 

ɺʠʟʫeʣʠʟʘʮʠʿʘ ʨʝʣʘʮʠʿʘ. ɺʠʟʫʝʣʠʟʘʮʠʿʘ ʭʠʿʝʨʘʨʭʠʿʘ ʠ ʤʨʝʞʘ. ʇʨʝʩʣʠʢʘʚʘˁʘ. ʉʠʤʫʣʘʮʠʿʝ ʧʨʦʮʝʩʘ. 

ʇʨʠʤʝʥʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʦʙʣʘʩʪʠʤʘ 

ʇʨʝʧʦʨʫʯʝʥʘ ʣʠʪʝʨʘʪʫʨʘ  

1. H.Wickham, G.Grolemund, R za statistiļku obradu podataka : uvoģenje, sreĽivanje, transformisanje, vizuelizacija i 

modelovanje podataka, Mikro knjiga, Beograd, 2017 
2. K.J.Keen, Graphics for statistics and data analysis with R, Boca Raton (FL) ; London ; New York : Chapman & Hall/CRC, 

2010 
3. B.Radenkoviĺ, M.Stanojeviĺ, A.Markoviĺ, ʈʘʯʫʥʘʨʩʢʘ ʩʠʤʫʣʘʮʠʿʘ, ɹʝʦʛʨʘʜ : ʌʘʢʫʣʪʝʪ ʦʨʛʘʥʠʟʘʮʠʦʥʠʭ ʥʘʫʢʘ : 

ʉʘʦʙʨʘ˂ʘʿʥʠ ʬʘʢʫʣʪʝʪ, 2004 
4. R.Obradoviĺ, ɼʠʟʘʿʥ ʧʨʦʩʪʦʨʥʠʭ ʦʙʣʠʢʘ : -ʦʜʘʙʨʘʥʠ ʧʨʠʤʝʨʠ- ʅʦʚʠ ʉʘʜ : ʌʘʢʫʣʪʝʪ ʪʝʭʥʠʯʢʠʭ ʥʘʫʢʘ, 2009 

5. S.Gawain, ʂʨʝʘʪʠʚʥʘ ʚʠʟʫʘʣʠʟʘʮʠʿʘ, ʂˁʘʞʝʚʘʮ : ɽʩʘʜ ʊʨʘʚˀʘʥʠʥ /ʝʪʮ./, 1988 

ɹʨʦʿ ʯʘʩʦʚʘ  ʘʢʪʠʚʥʝ ʥʘʩʪʘʚʝ ʊʝʦʨʠʿʩʢʘ ʥʘʩʪʘʚʘ:   4 ʇʨʘʢʪʠʯʥʘ ʥʘʩʪʘʚʘ:  

ʄʝʪʦʜʝ ʠʟʚʦʹʝˁʘ ʥʘʩʪʘʚʝ 

ʇʨʝʜʘʚʘˁʘ, ʢʦʥʩʫʣʪʘʮʠʿʝ, ʩʘʤʦʩʪʘʣʥʦ ʠʩʪʨʘʞʠʚʘˁʝ ʩʪʫʜʝʥʪʘ ʠ ʠʟʨʘʜʘ ʩʝʤʠʥʘʨʩʢʠʭ ʨʘʜʦʚʘ ʢʦʿʠ ʩʘʜʨʞʝ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ 

ʘʣʛʦʨʠʪʘʤʘ. 

ʆʮʝʥʘ ʟʥʘˁʘ (ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ ʧʦʝʥʘ 100) ʉʝʤʠʥʘʨʩʢʠ ʨʘʜʦʚʠ ï 50; ʧʨʝʟʝʥʪʘʮʠʿʘ ʧʨʦʿʝʢʘʪʘ ï 20; ʫʩʤʝʥʠ ʠʩʧʠʪ ï 30 

 

 

  



ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ : ɼɸʉ ʈɸʏʋʅɸʈʉʂɽ ʅɸʋʂɽ 

ʅʘʟʠʚ ʧʨʝʜʤʝʪʘ: ʉʊʋɼʀɱʉʂʀ ʀʉʊʈɸɾʀɺɸʏʂʀ ʈɸɼ 1  

ʅʘʩʪʘʚʥʠʢ ʠʣʠ ʥʘʩʪʘʚʥʠʮʠ: ʩʚʠ ʥʘʩʪʘʚʥʠʮʠ ʘʥʛʘʞʦʚʘʥʠ ʥʘ ɼɸʉ ʈʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ  

ʉʪʘʪʫʩ ʧʨʝʜʤʝʪʘ: ʦʙʘʚʝʟʥʠ 

ɹʨʦʿ ɽʉʇɹ: 8 

ʋʩʣʦʚ: ʥʝʤʘ 

ʎʠˀ ʧʨʝʜʤʝʪʘ 

ʋʧʦʟʥʘʚʘˁʝ ʩʘ ʤʝʪʦʜʦʣʦʛʠʿʦʤ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʦʛ ʨʘʜʘ ʢʨʦʟ ʘʥʘʣʠʟʫ ʥʝʢʠʭ ʥʦʚʠʿʠʭ ʥʘʫʯʥʠʭ ʨʝʟʫʣʪʘʪʘ ʫ ʦʙʣʘʩʪʠ 

ʨʘʯʫʥʘʨʩʢʠʭ ʥʘʫʢʘ ʠ ʠʩʪʨʘʞʠʚʘʯʢʠʭ ʤʝʪʦʜʘ ʢʦʿʠ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʧʨʠ ʜʦʣʘʩʢʫ ʜʦ ˁʠʭ, ʠ ʨʘʟʚʦʿ ʢʨʠʪʠʯʢʦʛ ʠ ʢʨʝʘʪʠʚʥʦʛ 

ʦʜʥʦʩʘ ʧʨʝʤʘ ʪʠʤ ʨʝʟʫʣʪʘʪʠʤʘ. 

ʀʩʭʦʜ ʧʨʝʜʤʝʪʘ  

ʂʨʦʟ ʜʝʪʘˀʥʫ ʘʥʘʣʠʟʫ ʥʦʚʠʭ ʥʘʫʯʥʠʭ ʨʝʟʫʣʪʘʪʘ ʠ ʤʝʪʦʜʘ ʢʦʿʠ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʧʨʠ ʜʦʙʠʿʘˁʫ ʪʠʭ ʨʝʟʫʣʪʘʪʘ ʩʪʫʜʝʥʪ ʪʨʝʙʘ 

ʜʘ ʩʘʟʥʘ ʢʦʿʠ ʩʫ ʥʘʿʘʢʪʫʝʣʥʠʿʠ ʧʨʘʚʮʠ ʥʘʫʯʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʜʘʪʦʿ ʦʙʣʘʩʪʠ, ʢʦʿʠ ʩʫ ʘʢʪʫʝʣʥʠ ʤʝʪʦʜʠ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʫ 

ʪʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ, ʠ ʜʘ ʙʫʜe ʦʩʧʦʩʦʙˀʝʥ ʜʘ ʪʝ ʠ ʩʣʠʯʥʝ ʤʝʪʦʜʝ ʢʦʨʠʩʪʠ ʫ ʩʚʦʿʠʤ ʩʦʧʩʪʚʝʥʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ. ʉʪʫʜʝʥʪ 

ʪʨʝʙʘ ʜʘ ʩʪʚʦʨʠ ʧʨʘʚʠʣʘʥ ʢʨʠʪʠʯʢʠ ʠ ʢʨʝʘʪʠʚʘʥ ʦʜʥʦʩ ʧʨʝʤʘ ʘʢʪʫʝʣʥʠʤ ʥʘʫʯʥʠʤ ʨʝʟʫʣʪʘʪʠʤʘ ʫ ʦʙʣʘʩʪʠ ʢʦʿʦʤ ˂ʝ ʩʝ 

ʙʘʚʠʪʠ 

ʉʘʜʨʞʘʿ ʧʨʝʜʤʝʪʘ 

ʅʘʩʪʘʚʥʠʮʠ ʥʘ ʧʦʯʝʪʢʫ ʩʚʘʢʝ ʰʢʦʣʩʢʝ ʛʦʜʠʥʝ ʧʨʝʜʣʘʞʫ ʣʠʩʪʫ ʤʦʛʫ˂ʠʭ ʪʝʤʘ ʩʝʤʠʥʘʨʩʢʠʭ ʨʘʜʦʚʘ ʢʦʿʠ ʙʠ ʩʝ ʨʘʜʠʣʠ ʫ 

ʦʢʚʠʨʫ ʉʪʫʜʠʿʩʢʦʛ ʠʩʪʨʘʞʠʚʘʯʢʦʛ ʨʘʜʘ 1 ʠ 2. ʉʪʫʜʝʥʪ ʙʠʨʘ ʪʝʤʫ ʩʘ ʣʠʩʪʝ, ʘʣʠ ʤʦʞʝ ʠʟʘʙʨʘʪʠ ʠ ʥʝʢʫ ʪʝʤʫ ʢʦʿʘ ʥʠʿʝ ʥʘ 

ʣʠʩʪʠ, ʫʢʦʣʠʢʦ ʿʝ ʥʘʩʪʘʚʥʠʢ ʧʨʠʭʚʘʪʠ. ʋʟ ʪʝʤʫ, ʩʪʫʜʝʥʪ ʜʦʙʠʿʘ ʠ ʩʧʠʩʘʢ ʣʠʪʝʨʘʪʫʨʝ ʢʦʿʫ ʤʦʞʝ ʜʘ ʢʦʨʠʩʪʠ. ʋʟ ʩʪʘʣʥʝ 

ʢʦʥʩʫʣʪʘʮʠʿʝ ʩʘ ʥʘʩʪʘʚʥʠʢʦʤ, ʩʪʫʜʝʥʪ ʢʨʠʪʠʯʢʠ ʘʥʘʣʠʟʠʨʘ ʜʦʙʠʿʝʥʠ ʧʨʦʙʣʝʤ ʠ ʤʝʪʦʜʦʣʦʛʠʿʫ ʢʦʿʘ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʧʨʠ 

ˁʝʛʦʚʦʤ ʨʝʰʘʚʘˁʫ, ʘ ʥʘʩʪʘʚʥʠʢ ʛʘ ʦʭʨʘʙʨʫʿʝ ʜʘ ʝʚʝʥʪʫʘʣʥʦ ʧʨʦʥʘʹʝ ʠ ʥʝʢʝ ʘʣʪʝʨʥʘʪʠʚʥʝ ʧʨʠʩʪʫʧʝ ʫ ʨʝʰʘʚʘˁʫ ʪʦʛ 

ʧʨʦʙʣʝʤʘ. ʇʦ ʦʙʘʚˀʝʥʦʿ ʘʥʘʣʠʟʠ ʧʨʦʙʣʝʤʘ ʩʪʫʜʝʥʪ ʧʠʰʝ ʩʝʤʠʥʘʨʩʢʠ ʨʘʜ, ʢʦʨʠʩʪʝ˂ʠ ʩʪʘʥʜʘʨʜʝ ʟʘ ʧʠʩʘˁʝ ʥʘʫʯʥʦ-

ʩʪʨʫʯʥʠʭ ʧʫʙʣʠʢʘʮʠʿʘ, ʠ ʫʨʘʹʝʥʠ ʩʝʤʠʥʘʨʩʢʠ ʨʘʜ ʧʨʝʟʝʥʪʫʿʝ-ʙʨʘʥʠ ʧʨʝʜ ʥʘʩʪʘʚʥʠʢʦʤ ʠ ʜʨʫʛʠʤ ʩʪʫʜʝʥʪʠʤʘ ʜʦʢʪʦʨʩʢʠʭ 

ʩʪʫʜʠʿʘ. 

ʇʨʝʧʦʨʫʯʝʥʘ ʣʠʪʝʨʘʪʫʨʘ   

ɹʨʦʿ ʯʘʩʦʚʘ  ʘʢʪʠʚʥʝ ʥʘʩʪʘʚʝ ʊʝʦʨʠʿʩʢʘ ʥʘʩʪʘʚʘ:   10 ʇʨʘʢʪʠʯʥʘ ʥʘʩʪʘʚʘ:  

ʄʝʪʦʜʝ ʠʟʚʦʹʝˁʘ ʥʘʩʪʘʚʝ 

ʉʪʫʜʝʥʪ ʢʨʠʪʠʯʢʠ ʘʥʘʣʠʟʠʨʘ ʧʨʦʙʣʝʤ ʢʦʿʠ ʿʝ ʜʦʙʠʦ ʢʘʦ ʪʝʤʫ ʩʝʤʠʥʘʨʩʢʦʛ ʨʘʜʘ, ʫʟ ʩʪʘʣʥʝ ʢʦʥʩʫʣʪʘʮʠʿʝ ʩʘ ʥʘʩʪʘʚʥʠʢʦʤ 

ʢʦʜ ʢʦʛʘ ʿʝ ʠʟʘʙʨʘʦ ʪʝʤʫ, ʧʠʰʝ ʩʝʤʠʥʘʨʩʢʠ ʨʘʜ ʢʦʿʠ ʧʨʝʟʝʥʪʫʿʝ -ʙʨʘʥʠ ʧʨʝʜ ʥʘʩʪʘʚʥʠʢʦʤ ʠ ʜʨʫʛʠʤ ʩʪʫʜʝʥʪʠʤʘ 

ʜʦʢʪʦʨʩʢʠʭ ʩʪʫʜʠʿʘ. 

ʆʮʝʥʘ ʟʥʘˁʘ (ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ ʧʦʝʥʘ 100) ʩʝʤʠʥʘʨʩʢʠ ʨʘʜ ï 70; ʦʜʙʨʘʥʘ ʩʝʤʠʥʘʨʩʢʦʛ ʨʘʜʘ ï 30 

 

 

  



ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ : ɼɸʉ ʈɸʏʋʅɸʈʉʂɽ ʅɸʋʂɽ 

ʅʘʟʠʚ ʧʨʝʜʤʝʪʘ: ʌɸɿʀ ʉʂʋʇʆɺʀ ʀ ʉʀʉʊɽʄʀ  

ʅʘʩʪʘʚʥʠʢ ʠʣʠ ʥʘʩʪʘʚʥʠʮʠ: ɱʝʣʝʥʘ ʄ. ʀʛˁʘʪʦʚʠ˂, ʀʚʘʥʘ ɿ. ʄʠʮʠ˂ 

ʉʪʘʪʫʩ ʧʨʝʜʤʝʪʘ: ʠʟʙʦʨʥʠ 

ɹʨʦʿ ɽʉʇɹ: 10 

ʋʩʣʦʚ: ʥʝʤʘ 

ʎʠˀ ʧʨʝʜʤʝʪʘ 

ʋʧʦʟʥʘʚʘˁʝ ʩʘ ʦʩʥʦʚʥʠʤ ʠʜʝʿʘʤʘ, ʢʦʥʮʝʧʪʠʤʘ ʠ ʨʝʟʫʣʪʘʪʠʤʘ ʪʝʦʨʠʿʝ ʬʘʟʠ ʩʢʫʧʦʚʘ ʠ ʩʠʩʪʝʤʘ, ʩʘ ʘʣʛʝʙʘʨʩʢʠʤ ʦʩʥʦʚʘʤʘ 

ʬʘʟʠ ʣʦʛʠʢʝ, ʢʘʦ ʠ ʩʘ ʧʨʘʢʪʠʯʥʠʤ ʧʨʠʤʝʥʘʤʘ ʬʘʟʠ ʩʢʫʧʦʚʘ ʠ ʤʝʪʦʜʘʤʘ ʨʝʰʘʚʘˁʘ ʬʘʟʠ ʨʝʣʘʮʠʿʩʢʠʭ ʿʝʜʥʘʯʠʥʘ ʠ ʥʝʿʝʜʥʘ-

ʯʠʥʘ. 

ʀʩʭʦʜ ʧʨʝʜʤʝʪʘ  

ʅʘ ʢʨʘʿʫ ʢʫʨʩʘ ʩʪʫʜʝʥʪ ʪʨʝʙʘ ʜʘ ʦʚʣʘʜʘ ʦʩʥʦʚʥʠʤ ʠʜʝʿʘʤʘ, ʢʦʥʮʝʧʪʠʤʘ ʠ ʨʝʟʫʣʪʘʪʠʤʘ ʪʝʦʨʠʿʝ ʬʘʟʠ ʩʢʫʧʦʚʘ ʠ ʩʠʩʪʝʤʘ, ʠ 

ʜʘ ʙʫʜʝ ʦʩʧʦʩʦʙˀʝʥ ʜʘ ʪʝ ʠʜʝʿʝ, ʢʦʥʮʝʧʪʝ ʠ ʨʝʟʫʣʪʘʪʝ ʩʘʤʦʩʪʘʣʥʦ ʧʨʘʢʪʠʯʥʦ ʧʨʠʤʝʥʠ ʫ ʥʘʫʯʥʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʫ ʦʢʚʠ-

ʨʫ ʪʝ ʠʩʪʝ ʠʣʠ ʥʝʢʝ ʜʨʫʛʝ ʥʘʫʯʥʝ ʦʙʣʘʩʪʠ.  

ʉʘʜʨʞʘʿ ʧʨʝʜʤʝʪʘ 

ʌʘʟʠ ʩʢʫʧʦʚʠ: ʇʦʿʘʤ ʬʘʟʠ ʩʢʫʧʘ, ʩʢʫʧʦʚʥʝ ʠ ʘʣʛʝʙʘʨʩʢʝ ʦʧʝʨʘʮʠʿʝ ʥʘ ʬʘʟʠ ʩʢʫʧʦʚʠʤʘ, ʇʨʠʥʮʠʧ ʝʢʩʪʝʥʟʠʿʝ, ʬʘʟʠ ʨʝʣʘʮʠ-

ʿʝ, ʢʦʤʧʦʟʠʮʠʿʘ ʬʘʟʠ ʨʝʣʘʮʠʿʘ, ʬʘʟʠ ʫʨʝʹʝˁʘ, ʬʘʟʠ ʝʢʚʠʚʘʣʝʥʮʠʿʝ ʠ ʬʘʟʠ ʿʝʜʥʘʢʦʩʪʠ, ʬʘʟʠ ʧʘʨʪʠʮʠʿʝ, ʬʘʟʠ ʬʫʥʢʮʠʿʝ, ʝʢʩ-

ʪʝʥʟʠʦʥʘʣʥʦʩʪ, ʬʘʟʠ ʤʘʪʨʠʮʝ, ʬʘʟʠ ʟʘʪʚʦʨʝˁʘ. ɸʣʛʝʙʘʨʩʢʝ ʦʩʥʦʚʝ ʬʘʟʠ ʣʦʛʠʢʝ: ʈʝʟʠʜʫʠʨʘʥʝ ʤʨʝʞʝ, ʍʝʿʪʠʥʛʦʚʝ ʘʣʛʝʙʨʝ, 

BL-ʘʣʛʝʙʨʝ, MV-ʘʣʛʝʙʨʝ, ɻʝʜʝʣʦʚʝ ʘʣʛʝʙʨʝ, ʪʨʦʫʛʘʦʥʝ ʥʦʨʤʝ ʥʘ ʿʝʜʠʥʠʯʥʦʤ ʠʥʪʝʨʚʘʣʫ, ʃʫʢʘʰʠʝʚʠʯʝʚʘ, ʧʨʦʠʟʚʦʜ ʠ 

ɻʝʜʝʣʦʚʘ ʥʦʨʤʘ. ʇʨʠʤʝʥʝ ʬʘʟʠ ʩʢʫʧʦʚʘ: ʄʦʜʝʣʠʨʘˁʝ ʥʝʦʜʨʝʹʝʥʦʩʪʠ, ʬʘʟʠ ʣʦʛʠʢʘ ʠ ʘʧʨʦʢʩʠʤʘʪʠʚʥʦ ʨʝʟʦʥʦʚʘˁʝ, ʬʘʟʠ 

ʢʦʥʪʨʦʣʘ, ʬʘʟʠ ʘʥʘʣʠʟʘ ʧʦʜʘʪʘʢʘ, ʬʘʟʠ ʢʣʘʩʪʝʨʦʚʘˁʝ, ʬʘʟʠ ʦʜʣʫʯʠʚʘˁʝ, ʬʘʟʠ ʿʝʟʠʮʠ ʠ ʬʘʟʠ ʘʫʪʦʤʘʪʠ, ʬʘʟʠ ʘʣʛʝʙʘʨʩʢʝ 

ʩʪʨʫʢʪʫʨʝ, ʬʘʟʠ ʨʝʣʘʮʠʦʥʠ ʩʠʩʪʝʤʠ, ʬʘʟʠ ʛʨʘʬʦʚʠ, ʬʘʟʠ ʪʦʧʦʣʦʰʢʠ ʧʨʦʩʪʦʨʠ. ɽʬʝʢʪʠʚʥʠ ʧʦʩʪʫʧʮʠ ʟʘ ʨʝʰʘʚʘˁʝ ʬʘʟʠ 

ʨʝʣʘʮʠʿʩʢʠʭ ʿʝʜʥʘʯʠʥʘ ʠ ʥʝʿʝʜʥʘʯʠʥʘ, ʢʘʦ ʠ ˁʠʭʦʚʠʭ ʩʠʩʪʝʤʘ. 

ʇʨʝʧʦʨʫʯʝʥʘ ʣʠʪʝʨʘʪʫʨʘ  

1. R.Belohlavek, Fuzzy Relational Systems: Foundations and Principles, Kluwer Academic Publishers, New York, 2002. 

2. R. Belohlavek and V. Vychodil, Fuzzy Equational Logic, Springer, Berlin/Heidelberg, 2005.  

3. G. Gerla, Fuzzy Logic: Mathematical Tools for Approximate Reasoning, Kluwer, Dodrecht, 2001. 

4. G. J. Klir, B. Yuan, Fuzzy Sets and Fuzzy Logic, Theory and Application, Prentice-Hall, Englewood Cliffs, NJ, 1995. 

5. L.-X. Wang, A Course in Fuzzy Systems and Control, Prentice-Hall International, Inc., 1997. 

 

ɹʨʦʿ ʯʘʩʦʚʘ  ʘʢʪʠʚʥʝ ʥʘʩʪʘʚʝ ʊʝʦʨʠʿʩʢʘ ʥʘʩʪʘʚʘ: 4 ʇʨʘʢʪʠʯʥʘ ʥʘʩʪʘʚʘ: 

ʄʝʪʦʜʝ ʠʟʚʦʹʝˁʘ ʥʘʩʪʘʚʝ 

ʅʘ ʧʨʝʜʘʚʘˁʠʤʘ ʩʝ ʢʦʨʠʩʪʝ ʢʣʘʩʠʯʥʝ ʤʝʪʦʜʝ ʥʘʩʪʘʚʝ ʫʟ ʢʦʨʠʰ˂ʝˁʝ ʚʠʜʝʦ ʧʨʦʿʝʢʪʦʨʘ ʠ ʠʥʪʝʨʘʢʮʠʿʫ ʩʘ ʩʪʫʜʝʥʪʠʤʘ. ɿʥʘˁʝ 

ʩʪʫʜʝʥʘʪʘ ʩʝ ʪʝʩʪʠʨʘ ʧʨʝʢʦ ʠʟʨʘʜʝ ʜʦʤʘ˂ʠʭ ʟʘʜʘʪʘʢʘ ʠ ʦʜʙʨʘʥʝ ʩʝʤʠʥʘʨʩʢʠʭ ʨʘʜʦʚʘ. ʅʘ ʟʘʚʨʰʥʦʤ ʫʩʤʝʥʦʤ ʠʩʧʠʪʫ ʩʝ 

ʧʨʦʚʝʨʘʚʘ ʩʚʝʦʙʫʭʚʘʪʥʦ ʨʘʟʫʤʝʚʘˁʝ ʠʟʣʦʞʝʥʦʛ ʛʨʘʜʠʚʘ. 

ʆʮʝʥʘ  ʟʥʘˁʘ (ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ ʧʦʝʥʘ 100): ɼʦʤʘ˂ʠ ʟʘʜʘʮʠ ï 10, ʩʝʤʠʥʘʨʩʢʠ ʨʘʜ ï 20, ʫʩʤʝʥʠ ʠʩʧʠʪ ï 70.   

 

  



ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ : ɼɸʉ ʈɸʏʋʅɸʈʉʂɽ ʅɸʋʂɽ 

ʅʘʟʠʚ ʧʨʝʜʤʝʪʘ: ʆʇɽʈɸʎʀʆʅɸ ʀʉʊʈɸɾʀɺɸɳɸ  

ʅʘʩʪʘʚʥʠʢ ʠʣʠ ʥʘʩʪʘʚʥʠʮʠ: ʇʨʝʜʨʘʛ ʉ. ʉʪʘʥʠʤʠʨʦʚʠ˂ 

ʉʪʘʪʫʩ ʧʨʝʜʤʝʪʘ: ʠʟʙʦʨʥʠ 

ɹʨʦʿ ɽʉʇɹ: 10 

ʋʩʣʦʚ: ʥʝʤʘ   

ʎʠˀ ʧʨʝʜʤʝʪʘ 

ʆʚʣʘʜʘʪʠ ʦʩʥʦʚʥʠʤ ʠ ʥʘʧʨʝʜʥʠʤ ʘʣʛʦʨʠʪʤʠʤʘ ʣʠʥʝʘʨʥʦʛ ʠ ʥʝʣʠʥʝʘʨʥʦʛ ʧʨʦʛʨʘʤʠʨʘˁʘ ʠ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʝ 

ʦʧʪʠʤʠʟʘʮʠʿʝ. ʋʧʦʟʥʘʪʠ ʩʪʫʜʝʥʪʝ ʩʘ ʧʨʠʥʮʠʧʠʤʘ ʤʦʜʝʣʦʚʘˁʘ, ʠʥʪʝʨʧʨʝʪʘʮʠʿʦʤ ʠ ʨʝʰʘʚʘˁʝʤ ʨʝʘʣʥʠʭ ʧʨʦʙʣʝʤʘ 

ʩʚʦʹʝˁʝʤ ʥʘ ʥʘ ʧʨʦʙʣʝʤʝ ʣʠʥʝʘʨʥʦʛ ʠʣʠ ʥʝʣʠʥʝʘʨʥʦʛ ʧʨʦʛʨʘʤʠʨʘˁʘ ʠʣʠ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʝ ʦʧʪʠʤʠʟʘʮʠʿʝ. 

ʀʩʭʦʜ ʧʨʝʜʤʝʪʘ  

ʉʪʫʜʝʥʪʠ oʩʧʦʩʦʙˀʝʥʠ ʟʘ ʫʧʦʪʨʝʙʫ ʣʠʥʝʘʨʥʦʛ ʠ ʥʝʣʠʥʝʘʨʥʦʛ ʧʨʦʛʨʘʤʠʨʘˁʘ ʧʨʦʛʨʘʤʠʨʘˁʘ ʠ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʝ 

ʦʧʪʠʤʠʟʘʮʠʿʝ ʫ ʤʘʪʝʤʘʪʠʮʠ, ʠʥʬʦʨʤʘʮʠʿʠ, ʧʨʘʢʩʠ ʢʘʦ ʠ ʫ ʥʘʫʯʥʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ. ʆʯʝʢʫʿʝ ʩʝ ʜʘ ʩʪʫʜʝʥʪʠ ʧʨʝʧʦʟʥʘʿʫ 

ʧʨʦʙʣʝʤʝ ʠʟ ʥʘʫʢʝ ʠʣʠ ʠʥʞʝˁʝʨʩʢʝ ʧʨʘʢʩʝ, ʜʝʬʠʥʠʰʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʤʘʪʝʤʘʪʠʯʢʝ ʤʦʜʝʣʝ ʢʘʦ ʠ ʜʘ ʨʝʰʝ ʜʝʬʠʥʠʩʘʥʝ 

ʤʦʜʝʣʝ ʫʧʦʪʨʝʙʦʤ ʥʘʫʯʝʥʠʭ ʤʝʪʦʜʘ ʠʣʠ ʩʦʬʪʚʝʨʦʤ.. 

ʉʘʜʨʞʘʿ ʧʨʝʜʤʝʪʘ 

ʊʝʦʨʠʿʩʢʘ ʥʘʩʪʘʚʘ 

ʃʠʥʝʘʨʥʦ ʧʨʦʛʨʘʤʠʨʘˁʝ: ʩʠʤʧʣʝʢʩ ʤʝʪʦʜ, ʜʫʘʣʥʠ ʧʨʦʙʣʝʤ, ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʩʠʤʧʣʝʢʩ ʤʝʪʦʜʘ, ʧʨʦʛʨʘʤʩʢʠ ʧʘʢʝʪ 

LINDO. ʄʦʜʠʬʠʢʘʮʠʿʝ ʩʠʤʧʣʝʢʩ ʤʝʪʦʜʘ. ʄʝʪʦʜʠ ʟʘ ʛʝʥʝʨʠʩʘˁʝ ʧʦʯʝʪʥʝ ʪʘʯʢʝ. ʇʨʠʤʘʣ-ʜʫʘʣ ʤʝʪʦʜʠ ʫʥʫʪʨʘʰˁʝ 

ʪʘʯʢʝ. Mehrotrin ʧʨʝʜʠʢʪʦʨ-ʢʦʨʝʢʪʦʨ ʘʣʛʦʨʠʪʘʤ, ʩʤʘˁʝˁʝ ʜʠʤʝʥʟʠʿʘ ʫ ʧʨʠʤʘʣ-ʜʫʘʣ ʘʣʛʦʨʠʪʤʫ, ʧʨʦʰʠʨʝʥʠ ʠ ʥʦʨʤʘʣʥʠ 

ʩʠʩʪʝʤ ʿʝʜʥʘʯʠʥʘ, ʤʦʜʠʬʠʢʘʮʠʿʝ ʫ ʧʘʢʝʪʫ PCx. ʊʝʦʨʠʿʘ ʠʛʘʨʘ. ʊʨʘʥʩʧʦʨʪʥʠ ʧʨʦʙʣʝʤ: ʦʪʚʦʨʝʥʠ ʤʦʜʝʣʠ ʪʨʘʥʩʧʦʨʪʥʦʛ 

ʟʘʜʘʪʢʘ, ʜʝʛʝʥʝʨʘʮʠʿʘ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤ ʧʨʦʙʣʝʤʫ. ʇʨʠʤʝʥʘ ʣʠʥʝʘʨʥʦʛ ʧʨʦʛʨʘʤʠʨʘˁʘ: ʮʝʣʦʙʨʦʿʥʦ ʧʨʦʛʨʘʤʠʨʘˁʝ. 

ʄʝʪʦʜ ʛʨʘʥʘˁʘ ʠ ʛʨʘʥʠʮʘ, Gomori-ʿʝʚ ʘʣʛʦʨʠʪʘʤ ʦʜʩʝʮʘˁʘ. ɼʠʥʘʤʠʯʢʦ ʧʨʦʛʨʘʤʠʨʘˁʝ. ʅʝʣʠʥʝʘʨʥʦ ʧʨʦʛʨʘʤʠʨʘˁʝ: 

ʙʝʟʫʩʣʦʚʥʘ ʦʧʪʠʤʠʟʘʮʠʿʘ, ʥʝʛʨʘʜʠʿʝʥʪʥʠ ʠ ʛʨʘʜʠʿʝʥʪʥʠ ʤʝʪʦʜʠ ʦʧʪʠʤʠʟʘʮʠʿʝ, ʫʩʣʦʚʥʘ ʦʧʪʠʤʠʟʘʮʠʿʘ, ʤʝʪʦʜʠ 

ʢʦʥʿʫʛʦʚʘʥʠʭ ʛʨʘʜʠʿʝʥʘʪʘ, ʢʚʘʟʠ-ɳʫʪʥʦʚʠ ʤʝʪʦʜʠ, ʥʝʢʝ ʤʦʜʠʬʠʢʘʮʠʿʝ ʢʚʘʟʠ-ɳʫʪʥʦʚʠʭ ʤʝʪʦʜʘ, ʤʦʜʠʬʠʢʘʮʠʿʝ ʢʚʘʟʠ-

ɳʫʪʥʦʚʠʭ ʤʝʪʦʜʘ. ʅʝʣʠʥʝʘʨʥʘ ʦʧʪʠʤʠʟʘʮʠʿʘ ʟʘʚʠʩʥʘ ʫ ʚʨʝʤʝʥʫ ʋʚʦʜ, ʤʝʪʦʜʠ ʧʨʚʦʛ ʨʝʜʘ, ʤʝʪʦʜʠ ʜʨʫʛʦʛ ʨʝʜʘ ʟʘ 

ʦʧʪʠʤʠʟʘʮʠʿʫ ʟʘʚʠʩʥʫ ʫ ʚʨʝʤʝʥʫ.. ʈʝʰʘʚʘˁʝ ʩʠʩʪʝʤʘ ʥʝʣʠʥʝʘʨʥʠʭ ʿʝʜʥʘʯʠʥʘ ʤʝʪʦʜʘʤʘ ʥʝʣʠʥʝʘʨʥʦʛ 

ʧʨʦʛʨʘʤʠʨʘˁʘ. ɺʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʘ ʦʧʪʠʤʠʟʘʮʠʿʘ: ʤʝʪʦʜʠ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʥʝʠʥʬʝʨʠʦʨʥʠʭ ʨʝʰʝˁʘ, ʠʥʪʝʨʘʢʪʠʚʥʠ 

ʤʝʪʦʜʠ. ɼʠʩʢʨʝʪʥʠ ʠ ʢʦʥʪʠʥʫʘʣʥʠ ʣʦʢʘʮʠʿʩʢʠ ʧʨʦʙʣʝʤʠ. ʆʧʪʠʤʠʟʘʮʠʿʘ ʥʘ ʤʨʝʞʘʤʘ: ʅʘʣʘʞʝˁʝ ʥʘʿʢʨʘ˂ʝʛ ʧʫʪʘ 

ʠʟʤʝʹʫ ʜʚʘ ʯʚʦʨʘ ʠ ʠʟʤʝʹʫ ʩʚʘʢʘ ʜʚʘ ʯʚʦʨʘ ʫ ʤʨʝʞʠ, ʥʘʣʘʞʝˁʝ ʢ ʥʘʿʢʨʘ˂ʠʭ ʧʫʪʝʚʘ ʫ ʤʨʝʞʠ. 

ʇʨʘʢʪʠʯʥʘ ʥʘʩʪʘʚʘ  

ʀʟʨʘʜʘ ʩʪʫʜʠʿʩʢʠʭ ʠʩʪʨʘʞʠʚʘʯʢʠʭ ʨʘʜʦʚʘ ʠʟ ʦʙʣʘʩʪʠ ʦʧʝʨʘʮʠʦʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʢʦʿʠʤʘ ˂ʝ ʩʪʫʜʝʥʪʠ ʨʝʰʘʚʘʪʠ ʥʝʢʝ 

ʧʨʦʙʣʝʤʝ ʫ ʥʘʫʮʠ ʢʘʦ ʠ ʫ ʧʨʘʢʪʠʯʥʠʤ ʧʨʠʤʝʥʘʤʘ..  

ʇʨʝʧʦʨʫʯʝʥʘ ʣʠʪʝʨʘʪʫʨʘ 

1. P.S. Stanimiroviĺ, N.V. Stojkoviĺ, M.D. Petkoviĺ, Matematiļko programiranje , Prirodno-matematiļki fakultet, Niġ, 

2007, IV+415 (ISBN 978-86-83841-46-0). 

2. P.S. Stanimiroviĺ, G.V. Milovanoviĺ, I.M. Jovanoviĺ, Primene linearnog i celobrojnog programiranja ,Prirodno-

matematiļki fakultet, Niġ, 2008, X+298 (ISBN 978-86-83481-51-4). 

3. P.S. Stanimiroviĺ, G.V. Milovanoviĺ, Simboliļka implementacija nelinearne optimizacije , Elektronskifakultet, Edicija 

monografije, Niġ, 2002, X+236. 

4. S. Opricoviĺ, Optimizacija sistema , Nauka, Beograd, 1992. 

5. M. Vujoġeviĺ, Metode optimizacije , Druġtvo operacionih istraģivaļa, Beograd, 1996. 

6. D.G. Luenberg, Y. Ye, Linear and Nonlinear Programming, Third Edition , Springer Science+Business Media, 

LLC,New York, 2008. 

7. P.S. Stanimiroviç, B. Ivanov, H. Ma, D. Mosiç, A survey of gradient methods for solving nonlinear optimization, 
Electronic Research Archive 28(4) (2020), 1573-1624. 

8. B. Ivanov, P.S. Stanimiroviĺ, G.V. Milovanoviĺ, S. Djordjeviĺ, I. Brajeviĺ, Accelerated multiple step-size methods for 

solving unconstrained optimization problems, Optimization Methods and Software, 

https://doi.org/10.1080/10556788.2019.1653868. 

9. P.S. Stanimiroviĺ, B. Ivanov, S. Djordjeviĺ, I. Brajeviĺ, New hybrid conjugate gradient and Broyden-Fletcher-

Goldfarb-Shanno conjugate gradient methods,  J. Optim. Theory Appl. 178 (2018), 860-884. 

ɹʨʦʿ ʯʘʩʦʚʘ  ʘʢʪʠʚʥʝ ʥʘʩʪʘʚʝ ʊʝʦʨʠʿʩʢʘ ʥʘʩʪʘʚʘ: 4 ʇʨʘʢʪʠʯʥʘ ʥʘʩʪʘʚʘ: 

ʄʝʪʦʜʝ ʠʟʚʦʹʝˁʘ ʥʘʩʪʘʚʝ 

https://doi.org/10.1080/10556788.2019.1653868


ɼʠʩʢʫʩʠʿʘ ʩʘ ʩʪʫʜʝʥʪʠʤʘ ʫ ʚʝʟʠ ʩʘ ʪʝʤʘʤʘ ʥʘʚʝʜʝʥʠʤ ʫ ʩʘʜʨʞʘʿʫ.ʉʪʫʜʝʥʪʠ ˂ʝ ʜʦʙʠʿʘʪʠ ʟʘʜʘʪʢʝ ʢʦʿʝ ˂ʝ ʨʝʰʘʚʘʪʠ ʢʦʜ 

ʢʫ˂ʝ. ɸʥʘʣʠʟʘ ʫʨʘʹʝʥʠʭ ʜʦʤʘ˂ʠʭ ʟʘʜʘʪʘʢʘ ʥʘ ʯʘʩʫ. ɼʠʩʢʫʩʠʿʘ. ʀʟʨʘʜʘ ʩʝʤʠʥʘʨʩʢʠʭ ʨʘʜʦʚʘ ʠ ʘʥʘʣʠʟʘ ʩʝʤʠʥʘʨʩʢʠʭ 

ʨʘʜʦʚʘ. 

ʆʮʝʥʘ  ʟʥʘˁʘ (ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ ʧʦʝʥʘ 100) ʧʨʝʟʝʥʪʘʮʠʿʘ ʧʨʦʿʝʢʘʪʘ ï 30, ʩʝʤʠʥʘʨʠ ï 30, ʜʦʤʘ˂ʠ ʟʘʜʘʮʠ ï 10, ʫʩʤʝʥʠ 

ʠʩʧʠʪ ï 30 
 

 

  



ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ : ɼɸʉ ʈɸʏʋʅɸʈʉʂɽ ʅɸʋʂɽ 

ʅʘʟʠʚ ʧʨʝʜʤʝʪʘ: ɺɽʐʊɸʏʂɽ ʅɽʋʈʆʅʉʂɽ ʄʈɽɾɽ  

ʅʘʩʪʘʚʥʠʢ ʠʣʠ ʥʘʩʪʘʚʥʠʮʠ: ɹʨʘʥʠʤʠʨ ʊ. ʊʦʜʦʨʦʚʠ˂ 

ʉʪʘʪʫʩ ʧʨʝʜʤʝʪʘ: ʠʟʙʦʨʥʠ 

ɹʨʦʿ ɽʉʇɹ: 10 

ʋʩʣʦʚ: ʥʝʤʘ   

ʎʠˀ ʧʨʝʜʤʝʪʘ 

ʉʪʠʮʘˁʝ ʪʝʦʨʠʿʩʢʦʛ ʟʥʘˁʘ ʠʟ ʦʙʣʘʩʪʠ ʚʝʰʪʘʯʢʠʭ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ: ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʘʣʛʦʨʠʪʘʤʘ ʫʯʝˁʘ, ʠ ʟʥʘˁʘ 

ʧʦʪʨʝʙʥʦʛ ʟʘ ˁʠʭʦʚʫ ʩʦʬʪʚʝʨʩʢʫ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ. 

ʀʩʭʦʜ ʧʨʝʜʤʝʪʘ  

ʊʝʦʨʠʿʩʢʦ ʟʥʘˁʝ ʠ ʩʧʦʩʦʙʥʦʩʪ ʩʦʬʪʚʝʨʩʢʝ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʨʘʟʣʠʯʠʪʠʭ ʘʨʭʠʪʝʢʪʫʨʘ ʠ ʘʣʛʦʨʠʪʘʤʘ ʫʯʝˁʘ ʚʝʰʪʘʯʢʠʭ 

ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ. 

ʉʘʜʨʞʘʿ ʧʨʝʜʤʝʪʘ 

ʄʨʝʞʝ ʩʘ ʜʠʨʝʢʪʥʠʤ ʧʨʦʩʪʠʨʘˁʝʤ ʩʠʛʥʘʣʘ;ɺʠʰʝʩʣʦʿʥʠ ʧʝʨʮʝʧʪʨʦʥ, ʄʨʝʞʝ ʨʘʜʠʿʘʣʥʠʭ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʠʿʘ; 

ʉʘʤʦʦʨʛʘʥʠʟʫʿʫ˂ʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ; ʂʦʭʦʥʝʥʦʚʘ ʤʨʝʞʘ; ʊʝʦʨʠʿʘ ʘʜʘʧʪʠʚʥʝ ʨʝʟʦʥʘʥʩʝ; ʂʦʥʚʦʣʫʮʠʦʥʠ ʩʣʦʿʝʚʠ; ʉʣʦʿʝʚʠ 

ʪʨʘʥʩʧʦʥʦʚʘʥʝ ʢʦʥʚʦʣʫʮʠʿʝ; ʈʝʢʫʨʝʥʪʥʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ; ɽʣʤʘʥʦʚʘ ʤʨʝʞʘ, ʇʦʪʧʫʥʦ ʧʦʚʝʟʘʥʘ ʨʝʢʫʨʝʥʪʥʘ ʤʨʝʞʘ, 

NARX ʨʝʢʫʨʝʥʪʥʘ ʥʝʫʨʦʥʩʢʘ ʤʨʝʞʘ; ʃʉʊʄ ʠ ɻʈʋ ʨʝʢʫʨʝʥʪʥʠ ʩʣʦʿʝʚʠ; ʉʣʦʿʝʚʠ ʬʦʢʫʩʘ, ɸʫʪʦʝʥʢʦʜʝʨʠ; ɺʘʨʠʿʘʮʠʦʥʠ 

ʘʪʦʝʥʢʦʜʝʨʠ, ɻʝʥʝʨʘʪʠʚʥʝ ʧʨʦʪʠʚʥʠʯʢʝ ʤʨʝʞʝ; ɽʬʠʢʘʩʥʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʘʣʛʦʨʠʪʘʤʘ ʫʯʝˁʘ ʠ ʤʦʜʝʣʘ ʚʝʰʪʘʯʢʠʭ 

ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʥʘ ʛʨʘʬʠʯʢʠʤ ʧʨʦʮʝʩʦʨʠʤʘ(Python, CUDA, C++); ɸʜʘʧʪʠʚʥʠ ʘʣʛʦʨʠʪʤʠ ʫʯʝˁʘ; ʂʘʣʤʘʥʦʚ ʬʠʣʪʘʨ 

ʢʘʦ ʘʣʛʦʨʠʪʘʤ ʫʯʝˁʘ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ. 

ʇʨʝʧʦʨʫʯʝʥʘ ʣʠʪʝʨʘʪʫʨʘ  

1. Simon Haykin, Neural Networks: A Comprehensive Foundation, Prentice Hall, 1998. 

2. B. Todoroviĺ, S. Todoroviĺ-Zarkula, M. Stankoviĺ, Rekurentne neuronske mreģe: estimacija parametara, stanja i 

strukture, Univerzitet u Niġu, Prirodno-matematiļki fakultet, 2012.    
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ɹʨʦʿ ʯʘʩʦʚʘ  ʘʢʪʠʚʥʝ ʥʘʩʪʘʚʝ ʊʝʦʨʠʿʩʢʘ ʥʘʩʪʘʚʘ: 4 ʇʨʘʢʪʠʯʥʘ ʥʘʩʪʘʚʘ: 

ʄʝʪʦʜʝ ʠʟʚʦʹʝˁʘ ʥʘʩʪʘʚʝ 

ʅʘ ʧʨʝʜʘʚʘˁʠʤʘ ʩʝ ʢʦʨʠʩʪʝ ʢʣʘʩʠʯʥʝ ʤʝʪʦʜʝ ʥʘʩʪʘʚʝ ʫʟ ʢʦʨʠʰ˂ʝˁʝ ʚʠʜʝʦ ʧʨʦʿʝʢʪʦʨʘ ʠ ʠʥʪʝʨʘʢʮʠʿʫ ʩʘ ʩʪʫʜʝʥʪʠʤʘ. 

ɿʥʘˁʝ ʩʪʫʜʝʥʘʪʘ ʩʝ ʪʝʩʪʠʨʘ ʧʨʝʢʦ ʠʟʨʘʜʝ ʜʦʤʘ˂ʠʭ ʟʘʜʘʪʘʢʘ ʠ ʢʦʣʦʢʚʠʿʫʤʘ. ʅʘ ʟʘʚʨʰʥʦʤ ʫʩʤʝʥʦʤ ʠʩʧʠʪʫ ʩʝ ʧʨʦʚʝʨʘʚʘ 

ʩʚʝʦʙʫʭʚʘʪʥʦ ʨʘʟʫʤʝʚʘˁʝ ʠʟʣʦʞʝʥʦʛ ʛʨʘʜʠʚʘ. 

ʆʮʝʥʘ  ʟʥʘˁʘ (ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ ʧʦʝʥʘ 100) ʢʦʣʦʢʚʠʿʫʤʠ ï 30, ʩʝʤʠʥʘʨʠ ï 20, ʫʩʤʝʥʠ ʠʩʧʠʪ ï 50 

 
 

 

  



ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ : ɼɸʉ ʈɸʏʋʅɸʈʉʂɽ ʅɸʋʂɽ 

ʅʘʟʠʚ ʧʨʝʜʤʝʪʘ: ɸʃɻɽɹɸʈʉʂɸ ʂʆʄɹʀʅɸʊʆʈʀʂɸ  

ʅʘʩʪʘʚʥʠʢ/ʥʘʩʪʘʚʥʠʮʠ: ɼʨʘʛʘʥ ʇ. ʉʪʝʚʘʥʦʚʠ˂ 

ʉʪʘʪʫʩ ʧʨʝʜʤʝʪʘ: ʠʟʙʦʨʥʠ 

ɹʨʦʿ ɽʉʇɹ: 10 

ʋʩʣʦʚ: ʥʝʤʘ 

ʎʠˀ ʧʨʝʜʤʝʪʘ 

ʉʪʠʮʘˁʝ ʦʧʰʪʠʭ ʠ ʩʧʝʮʠʬʠʯʥʠʭ ʟʥʘˁʘ ʠ ʪʝʭʥʠʢʘ ʠʟ ʘʣʛʝʙʘʨʩʢʝ ʢʦʤʙʠʥʘʪʦʨʠʢʝ. ʇʨʦʫʯʘʚʘˁʝ ʩʘʚʨʝʤʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʠʟ 

ʣʠʪʝʨʘʪʫʨʝ, ʫʧʦʟʥʘʚʘˁʝ ʩʘ ʩʪʘˁʝʤ ʨʝʰʝʥʦʩʪʠ ʦʪʚʦʨʝʥʠʭ ʧʨʦʙʣʝʤʘ ʠ ʧʦʩʪʝʧʝʥʦ ʫʢˀʫʯʠʚʘˁʝ ʫ ʠʩʪʨʘʞʠʚʘʯʢʠ ʨʘʜ. 

ʀʩʭʦʜ ʧʨʝʜʤʝʪʘ  

ʇʦ ʟʘʚʨʰʝʪʢʫ ʢʫʨʩʘ, ʩʪʫʜʝʥʪ ʠʤʘ ʧʦʪʨʝʙʥʘ ʟʥʘˁʘ ʠʟ ʘʣʛʝʙʘʨʩʢʝ ʢʦʤʙʠʥʘʪʦʨʠʢʝ ʠ ʫ ʩʪʘˁʫ ʿʝ ʜʘ ʨʝʰʘʚʘ ʟʘʜʘʪʢʝ ʠʟ ʦʚʝ 

ʦʙʣʘʩʪʠ. ʄʠʥʠʤʘʣʥʠ ʠʩʭʦʜʠ ʫʢˀʫʯʫʿʫ ʩʪʠʮʘˁʝ ʩʧʦʩʦʙʥʦʩʪʠ ʟʘ ʩʘʤʦʩʪʘʣʥʦ ʧʨʦʫʯʘʚʘˁʝ ʠ ʨʘʟʫʤʝʚʘˁʝ ʣʠʪʝʨʘʪʫʨʝ 

(ʤʦʥʦʛʨʘʬʠʿʝ, ʥʘʫʯʥʠ ʨʘʜʦʚʠ). ʇʦʞʝˀʥʠ ʠʩʭʦʜ ʿʝ ʩʪʠʮʘˁʝ ʩʧʦʩʦʙʥʦʩʪʠ ʟʘ ʠʩʪʨʘʞʠʚʘʯʢʠ ʨʘʜ ʫ ʘʣʛʝʙʘʨʩʢʦʿ 

ʢʦʤʙʠʥʘʪʦʨʠʮʠ. 

ʉʘʜʨʞʘʿ ʧʨʝʜʤʝʪʘ 

ʊʝʦʨʠʿʩʢʘ ʥʘʩʪʘʚʘ 

ʇʦʣʠʥʦʤ ʩʧʘʨʠʚʘˁʘ. ʈʝʢʫʨʝʥʪʥʝ ʬʦʨʤʫʣʝ. ʀʥʪʝʛʨʘʣʠ. ʇʦʣʠʥʦʤ ʣʦʚʮʘ. ʇʦʣʠʥʦʤ ʧʦʛʦʪʢʘ. ʉʪʠʨʣʠʥʛʦʚʠ ʠ ʆʿʣʝʨʦʚʠ 

ʙʨʦʿʝʚʠ. ʇʦʣʠʥʦʤʠ ʧʦʛʦʪʢʘ ʠ ʠʥʪʝʛʨʘʣʠ. ʂʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʧʦʣʠʥʦʤ. ʂʦʝʬʠʮʠʿʝʥʪʠ ʠ ʨʝʢʫʨʝʥʪʥʝ ʬʦʨʤʫʣʝ. ʐʝʪˁʝ ʫ 

ʛʨʘʬʫ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʧʦʣʠʥʦʤ. ʉʦʧʩʪʚʝʥʠ ʚʝʢʪʦʨʠ. ʈʝʛʫʣʘʨʥʠ ʛʨʘʬʦʚʠ. ʉʧʝʢʪʨʘʣʥʘ ʜʝʢʦʤʧʦʟʠʮʠʿʘ. ʌʦʨʤʘʣʥʠ 

ʩʪʝʧʝʥʠ ʨʝʜʦʚʠ ʠ ʬʫʥʢʮʠʿʝ ʛʝʥʝʨʘʪʨʠʩʝ. ʌʦʨʤʘʣʥʠ ʩʪʝʧʝʥʠ ʨʝʜʦʚʠ. ɻʨʘʥʠʮʝ. ʆʧʝʨʘʮʠʿʝ ʩʘ ʩʪʝʧʝʥʠʤ ʨʝʜʦʚʠʤʘ. ʉʪʝʧʝʥ 

ʠ ʣʦʛʘʨʠʪʘʤ. ʅʝʣʠʥʝʘʨʥʝ ʿʝʜʥʘʯʠʥʝ. ʇʨʠʤʝʥʝ ʠ ʧʨʠʤʝʨʠ. ʌʫʥʢʮʠʿʘ ʛʝʥʝʨʘʪʨʠʩʘ ʰʝʪˁʠ ʫ ʛʨʘʬʫ. ɱʘʢʦʙʠʿʝʚʘ ʪʝʦʨʝʤʘ. 

ʐʝʪˁʝ ʠ ʧʫʪʝʚʠ. ɼʝʢʦʤʧʦʟʠʮʠʦʥʘ ʬʦʨʤʫʣʘ. ʀʜʝʥʪʠʪʝʪ ʂʨʠʩʪʦʬʝʣ-ɼʘʨʙʫʘ. ʈʝʢʦʥʩʪʨʫʢʮʠʿʘ ʯʚʦʨʦʚʘ. ʂʦʩʧʝʢʪʨʘʣʥʠ 

ʛʨʘʬʦʚʠ. ʉʣʫʯʘʿʥʝ ʰʝʪˁʝ ʥʘ ʛʨʘʬʦʚʠʤʘ. ɼʝʣʠʦʮʠ ʛʨʘʬʦʚʘ. ɽʢʚʠʪʘʙʝʣʘʨʥʝ ʧʘʨʪʠʮʠʿʝ. ʉʦʧʩʪʚʝʥʝ ʚʨʝʜʥʦʩʪʠ ʠ ʚʝʢʪʦʨʠ. 

ʐʝʪˁʘ-ʨʝʛʫʣʘʨʥʠ ʛʨʘʬʦʚʠ. ʋʦʧʰʪʝʥʦ ʧʨʝʧʣʠʪʘˁʝ. ʇʨʝʢʨʠʚʘʯʠ. ʉʧʝʢʪʨʘʣʥʠ ʨʘʜʠʿʫʩ ʩʪʘʙʣʘ. ʉʧʘʨʠʚʘˁʘ ʠ ʰʝʪˁʝ. 

ʉʪʘʙʣʦ ʧʫʪʝʚʘ. ʉʪʘʙʣʦʣʠʢʝ ʰʝʪˁʝ. ʇʦʩʣʝʜʠʮʝ ʨʝʘʣʥʦʩʪʠ. ʀʜʝʥʪʠʪʝʪʠ ʂʨʠʩʪʦʬʝʣ-ɼʘʨʙʫʘ. ʇʬʘʬʠʿʘʥʠ. ʇʬʘʬʠʿʘʥʠ ʠ 

ʜʝʪʝʨʤʠʥʘʥʪʝ. ɽʢʩʧʘʥʟʠʿʘ ʧʦ ʚʨʩʪʠ. ʆʨʠʿʝʥʪʠʩʘʥʠ ʛʨʘʬʦʚʠ. ʆʨʠʿʝʥʪʘʮʠʿʝ. ʊʝʰʢʦ˂ʝ ʫ ʧʨʝʙʨʦʿʘʚʘˁʫ ʩʘʚʨʰʝʥʠʭ 

ʩʧʘʨʠʚʘˁʘ. ʈʘʟʜʘˀʠʥʩʢʦ-ʨʝʛʫʣʘʨʥʠ ʛʨʘʬʦʚʠ. ʅʝʢʝ ʬʘʤʠʣʠʿʝ. ʄʘʪʨʠʮʝ ʨʘʟʜʘˀʠʥʘ. ʇʘʨʘʤʝʪʨʠ. ɼʝʣʠʦʮʠ. ʀʤʧʨʠʪʠʚʥʠ 

ʨʘʟʜʘˀʠʥʩʢʦ-ʨʝʛʫʣʘʨʥʠ ʛʨʘʬʦʚʠ. ʂʦʜʦʚʠ. ʇʦʪʧʫʥʦ ʨʝʛʫʣʘʨʥʠ ʧʦʜʩʢʫʧʦʚʠ. ʐʝʤʝ ʘʩʦʮʠʿʘʮʠʿʝ. ʊʨʘʥʟʠʪʠʚʥʝ ʛʨʫʧʝ 

ʧʝʨʤʫʪʘʮʠʿʘ. P ʠ Q-ʧʦʣʠʥʦʤʥʝ ʰʝʤʝ ʘʩʦʮʠʿʘʮʠʿʘ. ʇʨʠʤʠʪʠʚʥʦʩʪ ʠ ʠʤʧʨʠʤʠʪʠʚʥʦʩʪ. ʂʦʜʦʚʠ ʠ ʘʥʪʠʢʦʜʦʚʠ. ʂʘʨʘʢʪʝʨʠ 

ɸʙʝʣʦʚʠʭ ʛʨʫʧʘ. ʂʝʿʣʠʿʝʚʠ ʛʨʘʬʦʚʠ. ʇʨʝʜʩʪʘʚˀʘˁʝ ʨʘʟʜʘˀʠʥʩʢʦ-ʨʝʛʫʣʘʨʥʠʭ ʛʨʘʬʦʚʘ. ʇʨʝʜʩʪʘʚˀʘˁʘ ʛʨʘʬʦʚʘ. ʅʠʟ 

ʢʦʩʠʥʫʩʘ. ʀʥʿʝʢʪʠʚʥʦʩʪ. ɺʠʰʝʩʪʨʫʢʦʩʪ ʩʦʧʩʪʚʝʥʠʭ ʚʨʝʜʥʦʩʪʠ. ʆʛʨʘʥʠʯʘʚʘˁʝ ʜʠʿʘʤʝʪʨʘ. ʉʬʝʨʥʠ ʜʠʟʘʿʥʠ. ɻʨʘʥʠʮʘ ʟʘ 

ʢʣʠʢʝ. ɼʦʧʫʩʪʠʚʠ ʘʫʪʦʤʦʨʬʠʟʤʠ. 

 

ʇʨʘʢʪʠʯʥʘ ʥʘʩʪʘʚʘ  

ʃʠʪʝʨʘʪʫʨʘ  

¶ C. Godsil, Algebraic Combinatorics, Chapman Hall/CRC Math Series, 1993. 

¶ D. Cvetkoviĺ, H. Sachs, M. Doob, Spectra of Graphs ˈ Theory and Applications, Johann Ambrosius Barth Verlag, 

1995. 

¶ M. Petkovsek, H. Wilf, D. Zeilberger, A=B, AK Peters, 1996. 

ɹʨʦʿ ʯʘʩʦʚʘ  ʘʢʪʠʚʥʝ ʥʘʩʪʘʚʝ ʊʝʦʨʠʿʩʢʘ ʥʘʩʪʘʚʘ: 4 ʇʨʘʢʪʠʯʥʘ ʥʘʩʪʘʚʘ:  

ʄʝʪʦʜʝ ʠʟʚʦʹʝˁʘ ʥʘʩʪʘʚʝ 

ʌʨʦʥʪʘʣʥʘ, ʠʥʜʠʚʠʜʫʘʣʥʘ, ʠʥʪʝʨʘʢʪʠʚʥʘ 

ʆʮʝʥʘ  ʟʥʘˁʘ (ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ ʧʦʝʥʘ 100) ʧʨʘʢʪʠʯʥʘ ʥʘʩʪʘʚʘ ï 40, ʩʝʤʠʥʘʨʠ ï 30, ʫʩʤʝʥʠ ʠʩʧʠʪ ï 30 

 

 

  



ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ : ɼɸʉ ʈɸʏʋʅɸʈʉʂɽ ʅɸʋʂɽ 

ʅʘʟʠʚ ʧʨʝʜʤʝʪʘ: Tɽʆʈʀɱɸ ʇʆʃʋɻʈʋʇɸ ʀ ʇʆʃʋʇʈʉʊɽʅɸ  

ʅʘʩʪʘʚʥʠʢ ʠʣʠ ʥʘʩʪʘʚʥʠʮʠ: ʄʠʨʦʩʣʘʚ ɼ. ɴʠʨʠ˂ 

ʉʪʘʪʫʩ ʧʨʝʜʤʝʪʘ: ʠʟʙʦʨʥʠ 

ɹʨʦʿ ɽʉʇɹ: 10 

ʋʩʣʦʚ: ʥʝʤʘ 

ʎʠˀ ʧʨʝʜʤʝʪʘ 

ʋʧʦʟʥʘʚʘˁʝ ʩʘ ʦʩʥʦʚʥʠʤ ʠʜʝʿʘʤʘ, ʢʦʥʮʝʧʪʠʤʘ ʠ ʨʝʟʫʣʪʘʪʠʤʘ ʪʝʦʨʠʿʝ ʧʦʣʫʛʨʫʧʘ ʠ ʪʝʦʨʠʿʝ ʧʦʣʫʧʨʩʪʝʥʘ, ʢʘʦ ʠ ʩʘ ˁʠʭʦʚʠʤ 

ʧʨʠʤʝʥʘʤʘ, ʧʨʝ ʩʚʝʛʘ ʫ ʪʝʦʨʠʿʩʢʦʤ ʨʘʯʫʥʘʨʩʪʚʫ. 

ʀʩʭʦʜ ʧʨʝʜʤʝʪʘ  

ʇʦ ʟʘʚʨʰʝʪʢʫ ʢʫʨʩʘ ʩʪʫʜʝʥʪ ʪʨʝʙʘ ʜʘ ʦʚʣʘʜʘ ʦʩʥʦʚʥʠʤ ʠʜʝʿʘʤʘ, ʢʦʥʮʝʧʪʠʤʘ ʠ ʨʝʟʫʣʪʘʪʠʤʘ ʪʝʦʨʠʿʝ ʧʦʣʫʛʨʫʧʘ ʠ ʪʝʦʨʠʿʝ 

ʧʦʣʫʧʨʩʪʝʥʘ, ʠ ʜʘ ʙʫʜʝ ʦʩʧʦʩʦʙˀʝʥ ʜʘ ʪʝ ʠʜʝʿʝ, ʢʦʥʮʝʧʪʝ ʠ ʨʝʟʫʣʪʘʪʝ ʩʘʤʦʩʪʘʣʥʦ ʧʨʘʢʪʠʯʥʦ ʧʨʠʤʝʥʠ ʫ ʥʘʫʯʥʠʤ ʠʩʪʨʘ-

ʞʠʚʘˁʠʤʘ ʫ ʦʢʚʠʨʫ ʪʠʭ ʠʩʪʠʭ ʠʣʠ ʥʝʢʠʭ ʜʨʫʛʠʭ ʥʘʫʯʥʠʭ ʦʙʣʘʩʪʠ. 

ʉʘʜʨʞʘʿ ʧʨʝʜʤʝʪʘ 

ʇʦʣʫʛʨʫʧʝ, ʧʦʜʧʦʣʫʛʨʫʧʝ, ʛʝʥʝʨʘʪʦʨʥʠ ʩʢʫʧʦʚʠ, ʠʜʝʤʧʦʪʝʥʪʠ ʠ ʛʨʫʧʥʠ ʝʣʝʤʝʥʪʠ, ʧʦʣʫʛʨʫʧʝ ʙʠʥʘʨʥʠʭ ʨʝʣʘʮʠʿʘ, ʧʦʣʫ-

ʛʨʫʧʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ, ʠʜʝʘʣʠ ʠ ʈʠʩʦʚʝ ʢʦʥʛʨʫʝʥʮʠʿʝ, ʠʜʝʘʣʩʢʝ ʠ ʨʝʪʨʘʢʪʠʚʥʝ ʝʢʩʪʝʥʟʠʿʝ, ʩʣʦʙʦʜʥʝ ʧʦʣʫʛʨʫʧʝ ʠ ʤʦʥʦ-

ʠʜʠ, ɻʨʠʥʦʚʝ ʨʝʣʘʮʠʿʝ, ʨʝʛʫʣʘʨʥʠ ʠ ʧʦʪʧʫʥʦ ʨʝʛʫʣʘʨʥʠ ʝʣʝʤʝʥʪʠ ʠ ʧʦʣʫʛʨʫʧʝ, ʫʦʧʰʪʝˁʘ ʨʝʛʫʣʘʨʥʦʩʪʠ, ʧʦʪʧʫʥʦ ʧʨʦʩʪʝ 

ʠ ʧʦʪʧʫʥʦ 0-ʧʨʦʩʪʝ ʧʦʣʫʛʨʫʧʝ, ʠʥʚʝʨʟʥʝ ʧʦʣʫʛʨʫʧʝ, ʦʨʪʦʜʦʢʩʥʝ ʧʦʣʫʛʨʫʧʝ, ʧʦʣʫʤʨʝʞʥʘ ʨʘʟʣʘʛʘˁʘ ʧʦʣʫʛʨʫʧʘ, ʪʨʘʯʥʘ 

ʨʘʟʣʘʛʘˁʘ ʧʦʣʫʛʨʫʧʘ, ʨʘʟʣʘʛʘˁʘ ʧʦʣʫʛʨʫʧʘ ʩʘ ʥʫʣʦʤ, ʧʦʜʜʠʨʝʢʪʥʘ ʨʘʟʣʘʛʘˁʘ ʧʦʣʫʛʨʫʧʘ, ʢʦʤʧʦʟʠʮʠʿʝ ʧʦʣʫʛʨʫʧʘ, 

ʠʜʝʥʪʠʪʝʪʠ ʠ ʚʘʨʠʿʝʪʝʪʠ ʧʦʣʫʛʨʫʧʘ, ʧʦʣʫʧʨʩʪʝʥʠ, ʫʨʝʹʝʥʠ ʧʦʣʫʧʨʩʪʝʥʠ, ʢʦʤʧʣʝʪʥʠ ʧʦʣʫʧʨʩʪʝʥʠ, ʟʚʝʟʜʘ ʦʧʝʨʘʮʠʿʘ, 

ʥʝʧʨʝʢʠʜʥʠ ʧʦʣʫʧʨʩʪʝʥʠ, ʩʪʝʧʝʥʠ ʨʝʜʦʚʠ ʥʘʜ ʧʦʣʫʧʨʩʪʝʥʦʤ, ʨʘʮʠʦʥʘʣʥʠ ʩʪʝʧʝʥʠ ʨʝʜʦʚʠ, ʤʘʪʨʠʮʝ ʥʘʜ ʧʦʣʫʧʨʩʪʝʥʦʤ, 

ʜʠʦʠʜʠ, ʧʦʣʫʤʦʜʫʣʠ, ʘʥʪʠ-ʧʨʩʪʝʥʠ, ʘʜʠʪʠʚʥʦ ʠʜʝʤʧʦʪʝʥʪʥʠ ʧʦʣʫʧʨʩʪʝʥʠ, max-plus ʠ min-plus ʧʦʣʫʧʨʩʪʝʥʠ.  

ʇʨʝʧʦʨʫʯʝʥʘ ʣʠʪʝʨʘʪʫʨʘ  

1. ʉ. ɹʦʛʜʘʥʦʚʠ˂ ʠ ʄ. ɴʠʨʠ˂, ʇʦʣʫʛʨʫʧʝ, ʇʨʦʩʚʝʪʘ, ʅʠʰ, 1993. 

2. J. M. Howie, Fundamentals of Semigroup Theory, Clarendon Press, Oxford, 1995. 

3. J. Golan, Semirings and Their Applications. Kluwer Academic, Dordrecht, 1999. 

4. M. Gondran, M. Minoux, Graphs, Dioids and Semirings ï New Models and Algorithms, Springer, Berlin, 2008.  

ɹʨʦʿ ʯʘʩʦʚʘ  ʘʢʪʠʚʥʝ ʥʘʩʪʘʚʝ ʊʝʦʨʠʿʩʢʘ ʥʘʩʪʘʚʘ: 4 ʇʨʘʢʪʠʯʥʘ ʥʘʩʪʘʚʘ: 

ʄʝʪʦʜʝ ʠʟʚʦʹʝˁʘ ʥʘʩʪʘʚʝ 

ʅʘ ʧʨʝʜʘʚʘˁʠʤʘ ʩʝ ʢʦʨʠʩʪʝ ʢʣʘʩʠʯʥʝ ʤʝʪʦʜʝ ʥʘʩʪʘʚʝ ʫʟ ʢʦʨʠʰ˂ʝˁʝ ʚʠʜʝʦ ʧʨʦʿʝʢʪʦʨʘ ʠ ʠʥʪʝʨʘʢʮʠʿʫ ʩʘ ʩʪʫʜʝʥʪʠʤʘ. ɿʥʘˁʝ 

ʩʪʫʜʝʥʘʪʘ ʩʝ ʪʝʩʪʠʨʘ ʧʨʝʢʦ ʠʟʨʘʜʝ ʜʦʤʘ˂ʠʭ ʟʘʜʘʪʘʢʘ ʠ ʦʜʙʨʘʥʝ ʩʝʤʠʥʘʨʩʢʠʭ ʨʘʜʦʚʘ. ʅʘ ʟʘʚʨʰʥʦʤ ʫʩʤʝʥʦʤ ʠʩʧʠʪʫ ʩʝ 

ʧʨʦʚʝʨʘʚʘ ʩʚʝʦʙʫʭʚʘʪʥʦ ʨʘʟʫʤʝʚʘˁʝ ʠʟʣʦʞʝʥʦʛ ʛʨʘʜʠʚʘ. 

ʆʮʝʥʘ  ʟʥʘˁʘ (ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ ʧʦʝʥʘ 100): ɼʦʤʘ˂ʠ ʟʘʜʘʮʠ ï 10, ʩʝʤʠʥʘʨʩʢʠ ʨʘʜ ï 20, ʫʩʤʝʥʠ ʠʩʧʠʪ ï 70.   

 

  



ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ : ɼɸʉ ʈɸʏʋʅɸʈʉʂɽ ʅɸʋʂɽ 

ʅʘʟʠʚ ʧʨʝʜʤʝʪʘ: ʅɸʋʏʅɸ ʀɿʈɸʏʋʅɸɺɸɳɸ  

ʅʘʩʪʘʚʥʠʢ/ʥʘʩʪʘʚʥʠʮʠ: ʄʘʨʢʦ ɼ. ʇʝʪʢʦʚʠ˂ 

ʉʪʘʪʫʩ ʧʨʝʜʤʝʪʘ: ʠʟʙʦʨʥʠ 

ɹʨʦʿ ɽʉʇɹ: 10 

ʋʩʣʦʚ: ʥʝʤʘ 

ʎʠˀ ʧʨʝʜʤʝʪʘ 

ʆʩʧʦʩʦʙˀʘʚʘˁʝ ʩʪʫʜʝʥʘʪʘ ʟʘ ʢʦʥʩʪʨʫʢʮʠʿʫ ʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʥʫʤʝʨʠʯʢʠʭ ʤʝʪʦʜʘ, ʢʘʦ ʠ ʧʨʠʤʝʥʫ ʥʘ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ 

ʧʨʠʨʦʜʥʠʭ, ʪʝʭʥʠʯʢʠʭ ʠ ʜʨʫʰʪʚʝʥʠʭ ʥʘʫʢʘ. 

ʀʩʭʦʜ ʧʨʝʜʤʝʪʘ  

ʇʦ ʟʘʚʨʰʝʪʢʫ ʢʫʨʩʘ ʩʪʫʜʝʥʪ ʪʨʝʙʘ ʜʘ ʩʝ ʫʧʦʟʥʘ ʩʘ ʦʩʥʦʚʥʠʤ ʠ ʥʘʧʨʝʜʥʠʤ ʥʫʤʝʨʠʯʢʠʤ ʤʝʪʦʜʘʤʘ. ʊʘʢʦʹʝ, ʩʪʫʜʝʥʪ ʙʠ 

ʪʨʝʙʘʦ ʜʘ ʙʫʜʝ ʫ ʩʪʘˁʫ ʜʘ ʪʝ ʤʝʪʦʜʝ ʠʤʧʣʝʤʝʥʪʠʨʘ ʠ ʝʬʠʢʘʩʥʦ ʧʨʠʤʝʥʠ ʥʘ ʨʝʰʘʚʘˁʝ ʢʦʥʢʨʝʪʥʠʭ ʧʨʦʙʣʝʤʘ ʠʟ ʪʝʭʥʠʯʢʠʭ 

ʥʘʫʢʘ, ʬʠʥʘʥʩʠʿʩʢʝ ʤʘʪʝʤʘʪʠʢʝ, ʬʠʟʠʢʝ ʠ ʜʨʫʛʠʭ ʥʘʫʯʥʠʭ ʜʠʩʮʠʧʣʠʥʘ. 

ʉʘʜʨʞʘʿ ʧʨʝʜʤʝʪʘ 

ʊʝʦʨʠʿʩʢʘ ʥʘʩʪʘʚʘ 

ʉʠʩʪʝʤʠ ʣʠʥʝʘʨʥʠʭ ʿʝʜʥʘʯʠʥʘ: ʄʝʪʦʜʠ ʙʘʟʠʨʘʥʠ ʥʘ ʠʟʨʘʯʫʥʘʚʘˁʫ LU ʠ LDU ʬʘʢʪʦʨʠʟʘʮʠʿʝ. ʉʠʥʛʫʣʘʨʥʦ-ʚʨʝʜʥʦʩʥʘ 

ʜʝʢʦʤʧʦʟʠʮʠʿʘ (SVD). ʈʝʰʘʚʘˁʝ ʨʝʪʢʠʭ ʩʠʩʪʝʤʘ ʚʝʣʠʢʠʭ ʜʠʤʝʥʟʠʿʘ. QR ʬʘʢʪʦʨʠʟʘʮʠʿʘ. ɸʣʛʦʨʠʪʤʠ ʟʘ ʙʨʟʦ ʤʥʦʞʝˁʝ 

ʤʘʪʨʠʮʘ ʠ ʠʥʚʝʨʪʦʚʘˁʝ ʤʘʪʨʠʮʘ. Preconditioning ʤʝʪʦʜʠ. ʄʝʪʦʜ ʢʦˁʫʛʦʚʘʥʠʭ ʛʨʘʜʠʿʝʥʘʪʘ. BiCG ʠ BiCGStab ʤʝʪʦʜʠ, 

GMRES ʤʝʪʦʜ, ʤʝʪʦʜʠ ʟʘ ʨʘʯʫʥʘˁʝ ʩʦʧʩʪʚʝʥʠʭ ʚʨʝʜʥʦʩʪʠ ʨʝʪʢʠʭ ʤʘʪʨʠʮʘ. 

ʉʠʩʪʝʤʠ ʥʝʣʠʥʝʘʨʥʠʭ ʿʝʜʥʘʯʠʥʘ ʠ ʦʧʪʠʤʠʟʘʮʠʦʥʠ ʤʝʪʦʜʠ. Newton-Raphson-ʦʚ ʤʝʪʦʜ. ɺʠʰʝʢʦʨʘʯʥʠ ʤʝʪʦʜʠ. ʄʝʪʦʜʠ 

ʤʘʢʩʠʤʘʣʥʦʛ ʨʝʜʘ ʢʦʥʚʝʨʛʝʥʮʠʿʝ. ʄʝʪʦʜʠ ʥʝʣʠʥʝʘʨʥʝ ʦʧʪʠʤʠʟʘʮʠʿʝ. ʂʂʊ ʫʩʣʦʚʠ. ʄʝʪʨʦʧʦʣʠʩ ʘʣʛʦʨʠʪʘʤ (Simulated 

Annealing). ʇʨʠʤʝʥʘ ʦʧʪʠʤʠʟʘʮʠʦʥʠʭ ʤʝʪʦʜʘ. 

ʀʟʨʘʯʫʥʘʚʘˁʝ ʚʨʝʜʥʦʩʪʠ ʬʫʥʢʮʠʿʘ. ɹʨʟʠ ʘʣʛʦʨʠʪʤʠ ʟʘ ʘʨʠʪʤʝʪʠʯʢʝ ʦʧʝʨʘʮʠʿʝ. ɸʣʛʦʨʠʪʤʠ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʚʘʞʥʠʭ 

ʢʦʥʩʪʘʥʪʠ ʠ ʝʣʝʤʝʥʪʘʨʥʠʭ ʬʫʥʢʮʠʿʘ ʩʘ ʚʠʩʦʢʦʤ ʧʨʝʮʠʟʥʦʰ˂ʫ. ʀʟʨʘʯʫʥʘʚʘˁʘ ʚʨʝʜʥʦʩʪʠ ʩʧʝʮʠʿʘʣʥʠʭ ʬʫʥʢʮʠʿʘ. 

ɸʧʨʦʢʩʠʤʘʮʠʿʘ ʬʫʥʢʮʠʿʘ ʧʦʣʠʥʦʤʦʤ ʠ ʨʘʮʠʦʥʘʣʥʠʤ ʬʫʥʢʮʠʿʘʤʘ. ʄʝʪʦʜe ʥʘʿʤʘˁʠʭ ʢʚʘʜʨʘʪʘ. 

ɻʝʥʝʨʠʩʘˁʝ ʧʩʝʫʜʦʩʣʫʯʘʿʥʠʭ ʙʨʦʿʝʚʘ. ʃʠʥʝʘʨʥʠ ʧʦʤʝʨʘʯʢʠ ʨʝʛʠʩʪʨʠ. Mersenne twister ʤʝʪʦʜ. ʇʩʝʫʜʦʩʣʫʯʘʿʥʠ ʙʨʦʿʝʚʠ 

ʫ ʥʦʨʤʘʣʥʦʿ ʠ ʧʨʦʠʟʚʦˀʥʦʿ ʨʘʩʧʦʜʝʣʠ. ʄʝʪʦʜ Monte Carlo. 

ʆʙʨʘʜʘ ʩʠʛʥʘʣʘ. ʉʠʥʪʝʟʘ ʩʠʛʥʘʣʘ, ʜʝʪʝʢʮʠʿʘ ʠ ʤʦʜʝʣʠʨʘˁʝ. ɹʨʟʘ Fourier-ʦʚʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ (FFT) ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ 

ʘʣʛʦʨʠʪʤʠ. ʊʝʦʨʠʿʘ ʪʘʣʘʩʠ˂ʘ (wavelets). ʄʝʪʦʜʠ ʟʘ ʢʦʤʧʨʝʩʠʿʫ ʧʦʜʘʪʘʢʘ. ʂʦʜʠʨʘˁʝ ʠ ʢʦʤʧʨʝʩʠʿʘ ʟʚʫʢʘ ʠ ʩʣʠʢʝ. 

ʇʨʘʢʪʠʯʥʘ ʥʘʩʪʘʚʘ  

ʀʤʧʣʝʤʝʥʪʘʮʠʿʘ ʤʝʪʦʜʘ ʫ ʥʝʢʦʤ ʦʜ ʧʨʦʛʨʘʤʩʢʠʭ ʿʝʟʠʢʘ: C++, Mathematica, Mʘtlab, Python, R. ʊʝʩʪʠʨʘˁʝ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ 

ʥʘ ʧʨʠʤʝʨʠʤʘ ʠʟ ʧʨʘʢʩʝ. ʇʘʨʘʣʝʣʠʟʘʮʠʿʘ ʤʝʪʦʜʘ ʠ ʧʘʨʘʣʝʣʥʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ. ʋʚʦʹʝˁʝ ʫ ʠʩʪʨʘʞʠʚʘʯʢʠ ʨʘʜ. 

ʇʨʝʧʦʨʫʯʝʥʘ ʣʠʪʝʨʘʪʫʨʘ  

1. ʄ.ɼ. ʇʝʪʢʦʚʠ˂, ɸʣʛʦʨʠʪʤʠ ʥʫʤʝʨʠʯʢʝ ʘʥʘʣʠʟʝ, ʇʄʌ ʅʠʰ, 2013.    

2. G.H. Golub, C. Van Loan, Matrix computations, John Hopkins University, 2013. 

3. W.H. Press, S.A. Teukolsky, W.T. Vetterling, B.P. Flannery, Numerical Recepies ï The Art of Scientific Computing (3rd ed), 

Cambridge University Press, 2007.    

4. G. Dahlquist, A. Bjorck, Numerical Methods in Scientific Computing ï Vol. 1, Society for Industrial and Applied Mathematics 

(SIAM), 2008.    

5. J.E. Gentle, Random Number Generation and Monte Carlo Methods (2nd ed), Springer, 2005.   

6. K. Sayodd, Introduction to Data Compression (3rd ed), Elsevier, 2006.   

ɹʨʦʿ ʯʘʩʦʚʘ  ʘʢʪʠʚʥʝ ʥʘʩʪʘʚʝ  ʊʝʦʨʠʿʩʢʘ ʥʘʩʪʘʚʘ: 4 ʇʨʘʢʪʠʯʥʘ ʥʘʩʪʘʚʘ:  

ʄʝʪʦʜʝ ʠʟʚʦʹʝˁʘ ʥʘʩʪʘʚʝ 

ʇʨʝʜʘʚʘˁʘ ʩʘ ʪʝʤʘʤʘ ʥʘʚʝʜʝʥʠʤ ʫ ʩʘʜʨʞʘʿʫ,  ʧʨʘʢʪʠʯʥʘ ʥʘʩʪʘʚʘ ʥʘ ʨʘʯʫʥʘʨʫ. 

ʆʮʝʥʘ  ʟʥʘˁʘ (ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ ʧʦʝʥʘ 100) ʩʝʤʠʥʘʨʠ ï 50, ʫʩʤʝʥʠ ʠʩʧʠʪ ï 50.   

 

 

  



ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ : ɼɸʉ ʈɸʏʋʅɸʈʉʂɽ ʅɸʋʂɽ 

ʅʘʟʠʚ ʧʨʝʜʤʝʪʘ: ʆɹɱɽʂʊʅʆ ʆʈɱɽʅʊʀʉɸʅɸ ɸʅɸʃʀɿɸ ʀ ɼʀɿɸɱʅ  

ʅʘʩʪʘʚʥʠʢ/ʥʘʩʪʘʚʥʠʮʠ: ʄʠʣʘʥ ɹ. ʊʘʩʠ˂ 

ʉʪʘʪʫʩ ʧʨʝʜʤʝʪʘ: ʠʟʙʦʨʥʠ 

ɹʨʦʿ ɽʉʇɹ: 10 

ʋʩʣʦʚ: ʥʝʤʘ 

ʎʠˀ ʧʨʝʜʤʝʪʘ 

ʉʪʠʮʘˁʝ ʪʝʦʨʠʿʩʢʠʭ ʠ ʧʨʘʢʪʠʯʥʠʭ ʟʥʘˁʘ ʢʘʦ ʦʩʥʦʚʝ ʟʘ ʨʘʟʫʤʝʚʘˁʝ ʦʙʿʝʢʪʦ-ʦʨʿʝʥʪʠʩʘʥʦʛ ʢʦʥʮʝʧʪʘ ʮʠʢʣʫʩʘ ʨʘʟʚʦʿʘ 

ʘʧʣʠʢʘʮʠʿʘ. ʈʘʟʫʤʝʚʘˁʝ ʠ ʧʨʠʤʝʥʘ ʧʨʠʥʮʠʧʘ ʠ ʥʘʧʨʝʜʥʠʭ ʝʣʝʤʝʥʘʪʘ ʦʙʿʝʢʪʥʦ-ʦʨʠʿʝʥʪʠʩʘʥʝ ʘʥʘʣʠʟʝ ʠ ʤʝʪʦʜʦʣʦʛʠʿʝ 

ʧʨʦʿʝʢʪʦʚʘˁʘ ʩʦʬʪʚʝʨʘ. 

ʀʩʭʦʜ ʧʨʝʜʤʝʪʘ  

ɺʝʰʪʠʥʘ ʧʨʦʿʝʢʪʦʚʘˁʘ ʢʦʤʧʣʝʢʩʥʠʭ ʩʦʬʪʚʝʨʩʢʠʭ ʘʨʭʠʪʝʢʪʫʨʘ. ʋʤʝ˂ʝ ʧʣʘʥʠʨʘˁʘ ʠ ʚʦʹʝˁʘ ʢʦʤʧʣʝʢʩʥʠʭ ʩʦʬʪʚʝʨʩʢʠʭ 

ʧʨʦʿʝʢʘʪʘ. ʉʧʦʩʦʙʥʦʩʪ ʫʯʝʰ˂ʘ ʫ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʦʤ ʨʘʜʫ ʫ ʜʦʤʝʥʫ ʦʙʿʝʢʪʥʦ-ʦʨʠʿʝʥʪʠʩʘʥʝ ʘʥʘʣʠʟʝ ʟʘʭʪʝʚʘ ʠ 

ʤʦʜʝʣʠʨʘˁʘ ʩʦʬʪʚʝʨʘ ʧʨʠʤʝʥʦʤ ʛʨʘʬʠʯʢʠʭ ʥʦʪʘʮʠʿʘ ʠ ʧʨʦʿʝʢʪʥʠʭ ʫʟʦʨʘʢʘ. ʆʚʣʘʜʘʪʠ ʟʥʘˁʠʤʘ ʠʟ ʦʙʿʝʢʪʥʦ-

ʦʨʠʿʝʥʪʠʩʘʥʠʭ ʩʠʩʪʝʤʘ. ʦʙʿʝʢʪʥʦ-ʨʝʣʘʮʠʦʥʠʭ ʩʠʩʪʝʤʘ. ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʩʠʩʪʝʤʘ. ʭʝʪʝʨʦʛʝʥʠʭ ʠ ʥʝʭʝʪʝʨʦʛʝʥʠʭ ʩʠʩʪʝʤʘ, 

ʤultidatabase ʩʠʩʪʝʤʘ. ʛʝʦʛʨʘʬʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʠʭ ʩʠʩʪʝʤʘ. 

ʉʘʜʨʞʘʿ ʧʨʝʜʤʝʪʘ 

ɽʣʝʤʝʥʪʠ ʦʙʿʝʢʪʥʦʛ ʤʦʜʝʣʘ. ʋʧʦʨʝʜʥʘ ʘʥʘʣʠʟʘ ʿʝʟʠʢʘ ʦʙʿʝʢʪʥʝ ʦʨʠʿʝʥʪʘʮʠʿʝ: ɱʘʚʘ, Python, C# ʠ ʜʨʫʛʠ. ʇʨʦʮʝʩ, ʧʨʠʥʮʠʧʠ 

ʠ ʧʨʘʛʤʘʪʠʢʘ ʨʘʟʚʦʿʘ ʆʆ ʩʦʬʪʚʝʨʘ. ʆʆ ʘʥʘʣʠʟʘ. ʇʨʦʿʝʢʪʦʚʘˁʝ ʫʧʨʘʚˀʘʥʦ ʤʦʜʝʣʦʤ. UML 2 ʥʦʪʘʮʠʿʘ ʠ ʢʦʥʩʪʨʫʢʮʠʿʘ 

ʜʠʿʘʛʨʘʤʘ. ʀʟʚʨʰʥʠ ʤʦʜʝʣʠ, ʘʢʮʠʦʥʘ ʩʝʤʘʥʪʠʢʘ ʠ ʘʢʮʠʦʥʠ ʿʝʟʠʮʠ. ʇʨʦʿʝʢʪʥʠ ʫʟʦʨʮʠ ʩʪʨʫʢʪʫʨʝ, ʧʦʥʘʰʘˁʘ ʠ ʢʨʝʠʨʘˁʘ. 

ʍʝʫʨʠʩʪʠʢʝ OO ʧʨʦʿʝʢʪʦʚʘˁʘ. ʆʙʿʝʢʪʥʦ-ʦʨʠʿʝʥʪʠʩʘʥʠ ʩʠʩʪʝʤʠ. ʆʙʿʝʢʪʥʦ-ʨʝʣʘʮʠʦʥʠ ʩʠʩʪʝʤʠ. ɼʠʩʪʨʠʙʫʠʨʘʥʠ ʩʠʩʪʝʤʠ. 

ʭʝʪʝʨʦʛʝʥʠ ʠ ʥʝʭʝʪʝʨʦʛʝʥʠ ʩʠʩʪʝʤʠ, ʤultidatabase ʩʠʩʪʝʤʠ, ʛʝʦʛʨʘʬʩʢʠ ʠʥʬʦʨʤʘʮʠʦʥʠ ʩʠʩʪʝʤʠ. ʉʧʝʮʠʬʠʯʥʝ ʘʧʣʠʢʘʮʠʿʝ. 

ʇʨʝʛʣʝʜ ʢʦʤʝʨʮʠʿʘʣʥʠʭ ʩʠʩʪʝʤʘ ʠ ʨʘʟʚʦʿʥʠʭ ʧʨʦʿʝʢʘʪʘ.. 

ʃʠʪʝʨʘʪʫʨʘ  

1. G. Booch, R. A. Maksimchuk, M.W. Engle, B. J. Young, J. Conallen, K.A. Houston, Object-Oriented Analysis and Design 

with Application, Third Edition, Addison Wesley, 2007. 

ɹʨʦʿ ʯʘʩʦʚʘ  ʘʢʪʠʚʥʝ ʥʘʩʪʘʚʝ ʊʝʦʨʠʿʩʢʘ ʥʘʩʪʘʚʘ: 4 ʇʨʘʢʪʠʯʥʘ ʥʘʩʪʘʚʘ:  

ʄʝʪʦʜʝ ʠʟʚʦʹʝˁʘ ʥʘʩʪʘʚʝ 

ʇʨʝʜʘʚʘˁʘ ʩʘ ʪʝʤʘʤʘ ʥʘʚʝʜʝʥʠʤ ʫ ʩʘʜʨʞʘʿʫ. 

ʆʮʝʥʘ  ʟʥʘˁʘ (ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ ʧʦʝʥʘ 100) ʘʢʪʠʚʥʦʩʪ ʫ ʪʦʢʫ ʧʨʝʜʘʚʘˁʘ ï 10, ʧʨʦʿʝʢʘʪ ï 50, ʫʩʤʝʥʠ ʠʩʧʠʪ ï 40 

 

 

  



ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ : ɼɸʉ ʈɸʏʋʅɸʈʉʂɽ ʅɸʋʂɽ 

ʅʘʟʠʚ ʧʨʝʜʤʝʪʘ: ʅɸʇʈɽɼʅɽ ʊɽʍʅʀʂɽ ʈɸʏʋʅɸʈʉʂɽ ɻʈɸʌʀʂɽ  

ʅʘʩʪʘʚʥʠʢ ʠʣʠ ʥʘʩʪʘʚʥʠʮʠ: ɺʝʩʥʘ ʀ. ɺʝʣʠʯʢʦʚʠ˂ 

ʉʪʘʪʫʩ ʧʨʝʜʤʝʪʘ: ʠʟʙʦʨʥʠ 

ɹʨʦʿ ɽʉʇɹ: 10 

ʋʩʣʦʚ: ʥʝʤʘ  

ʎʠˀ ʧʨʝʜʤʝʪʘ 

ʋʧʦʟʥʘʚʘˁʝ ʩʘ ʢʦʥʮʝʧʨʠʤʘ ʠ ʦʚʣʘʜʘʚʘˁʝ ʪʝʭʥʠʢʘʤʘ ʥʘʧʨʝʜʥʝ ʨʘʯʫʥʘʨʩʢʝ ʛʨʘʬʠʢʝ. 

ʀʩʭʦʜ ʧʨʝʜʤʝʪʘ  

ʉʪʫʜʝʥʪ ˂ʝ ʙʠʪʠ ʦʩʧʦʩʦʙˀʝʥ ʟʘ ʨʘʟʫʤʝʚʘˁʝ ʠ ʧʨʠʤʝʥʫ ʥʘʧʨʝʜʥʠʭ ʪʝʭʥʠʢʘ ʨʘʯʫʥʘʨʩʢʝ ʛʨʘʬʠʢʝ 

ʉʘʜʨʞʘʿ ʧʨʝʜʤʝʪʘ 

ʊʝʦʨʠʿʩʢʘ ʥʘʩʪʘʚʘ 

ʄʦʜʝʣʠʨʘˁʝ ʢʨʠʚʠʭ. ɹʝʟʠʿʝʨʦʚ ʤʦʜʝʣ. ʇʘʨʘʤʝʪʘʨʩʢʠ ʢʫʙʥʠ ʩʝʛʤʝʥʪ. ɹ-ʩʧʣʘʿʥ ʢʨʠʚʝ. ʈʘʮʠʦʥʘʣʥʠ ʤʦʜʝʣʠ ʢʨʠʚʠʭ. 

ʄʦʜʝʣʠʨʘˁʝ ʧʦʚʨʰʠ. ʇʦʣʠʝʜʘʨʩʢʘ ʘʧʨʦʢʩʠʤʘʮʠʿʘ. ʄʦʜʝʣʠʨʘˁʝ ʢʨʠʚʠʭ ʧʦʚʨʰʠ. ʇʦʚʨʰʠ ʪʝʥʟʦʨʩʢʦʛ ʧʨʦʠʟʚʦʜʘ. 

ɹʝʟʠʿʝʨʦʚ ʬʨʘʛʤʝʥʪ, ɹ-ʩʧʣʘʿʥ ʬʨʘʛʤʝʥʪ. ʊʨʦʫʛʘʦʥʠ ʬʨʘʛʤʝʥʪʠ. 

ʈʝʘʣʠʩʪʠʯʥʝ ʩʣʠʢʝ. ʈʝʥʜʝʨʦʚʘˁʝ. ɺʠʜˀʠʚʦʩʪ. ʀʣʫʤʠʥʘʮʠʦʥʠ ʤʦʜʝʣ. ʉʝʥʯʝˁʘ. ʉʧʝʮʠʿʘʣʥʠ ʝʬʝʢʪʠ. ʊʝʢʩʪʫʨʘ. ɻʣʦʙʘʣʥʠ 

ʟʨʘʯʥʠ ʤʦʜʝʣ. 

ɻʝʦʤʝʪʨʠʿʩʢʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ. ɹʦʿʝ. ʉʪʝʨʝʦ ʧʦʛʣʝʜ. 

ʈʘʯʫʥʘʨʩʢʠ ʚʠʜ. ɼʝʪʝʢʪʦʚʘˁʝ ʠʚʠʮʘ. ʉʝʛʤʝʥʪʘʮʠʿʘ. ʇʨʝʧʦʟʥʘʚʘˁʝ ʦʙʿʝʢʘʪʘ. ɼʠʛʠʪʘʣʥʘ ʦʙʨʘʜʘ ʩʣʠʢʝ. 

ʂʦʤʙʠʥʘʪʦʨʥʘ ʘʥʘʣʠʟʘ. ɼʠʩʢʨʝʪʥʘ ʛʝʦʤʝʪʨʠʿʘ. 

 

ʇʨʘʢʪʠʯʥʘ ʥʘʩʪʘʚʘ   

ʇʨʝʧʦʨʫʯʝʥʘ ʣʠʪʝʨʘʪʫʨʘ  

1. J.E.Goodman, J.OôRourke, Handbook of discrete and computational geometry, Boca Raton [etc.] : Chapman & Hall/CRC, 

2004 

2. C.R.Gonzalez, R.E.Woods, Digital Image Processing, Upper Saddle River: Pearson Prentice Hall, 2010 

3. D.Uroġeviĺ, Algoritmi u programskom jeziku C, Beograd : Mikro knjiga, 1996. 

ɹʨʦʿ ʯʘʩʦʚʘ  ʘʢʪʠʚʥʝ ʥʘʩʪʘʚʝ ʊʝʦʨʠʿʩʢʘ ʥʘʩʪʘʚʘ:   4 ʇʨʘʢʪʠʯʥʘ ʥʘʩʪʘʚʘ:  

ʄʝʪʦʜʝ ʠʟʚʦʹʝˁʘ ʥʘʩʪʘʚʝ 

ʇʨʝʜʘʚʘˁʘ, ʢʦʥʩʫʣʪʘʮʠʿʝ, ʩʘʤʦʩʪʘʣʥʦ ʠʩʪʨʘʞʠʚʘˁʝ ʩʪʫʜʝʥʪʘ ʠ ʠʟʨʘʜʘ ʩʝʤʠʥʘʨʩʢʠʭ ʨʘʜʦʚʘ ʢʦʿʠ ʩʘʜʨʞʝ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ 

ʘʣʛʦʨʠʪʘʤʘ.  

ʆʮʝʥʘ  ʟʥʘˁʘ (ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ ʧʦʝʥʘ 100) ʩʝʤʠʥʘʨʩʢʠ ʨʘʜʦʚʠ ï 50; ʧʨʝʟʝʥʪʘʮʠʿʘ ʧʨʦʿʝʢʘʪʘ ï 20; ʫʩʤʝʥʠ ʠʩʧʠʪ ï 30 

 

 

  



ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ : ɼɸʉ ʈɸʏʋʅɸʈʉʂɽ ʅɸʋʂɽ 

ʅʘʟʠʚ ʧʨʝʜʤʝʪʘ: ʉʊʋɼʀɱʉʂʀ ʀʉʊʈɸɾʀɺɸʏʂʀ ʈɸɼ 2  

ʅʘʩʪʘʚʥʠʢ ʠʣʠ ʥʘʩʪʘʚʥʠʮʠ: ʩʚʠ ʥʘʩʪʘʚʥʠʮʠ ʘʥʛʘʞʦʚʘʥʠ ʥʘ ɼɸʉ ʈʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ  

ʉʪʘʪʫʩ ʧʨʝʜʤʝʪʘ: ʦʙʘʚʝʟʥʠ 

ɹʨʦʿ ɽʉʇɹ: 12 

ʋʩʣʦʚ: ʥʝʤʘ 

ʎʠˀ ʧʨʝʜʤʝʪʘ 

ʋʧʦʟʥʘʚʘˁʝ ʩʘ ʤʝʪʦʜʦʣʦʛʠʿʦʤ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʦʛ ʨʘʜʘ ʢʨʦʟ ʘʥʘʣʠʟʫ ʥʝʢʠʭ ʥʦʚʠʿʠʭ ʥʘʫʯʥʠʭ ʨʝʟʫʣʪʘʪʘ ʫ ʦʙʣʘʩʪʠ 

ʨʘʯʫʥʘʨʩʢʠʭ ʥʘʫʢʘ ʠ ʠʩʪʨʘʞʠʚʘʯʢʠʭ ʤʝʪʦʜʘ ʢʦʿʠ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʧʨʠ ʜʦʣʘʩʢʫ ʜʦ ˁʠʭ, ʠ ʨʘʟʚʦʿ ʢʨʠʪʠʯʢʦʛ ʠ ʢʨʝʘʪʠʚʥʦʛ 

ʦʜʥʦʩʘ ʧʨʝʤʘ ʪʠʤ ʨʝʟʫʣʪʘʪʠʤʘ. 

ʀʩʭʦʜ ʧʨʝʜʤʝʪʘ  

ʂʨʦʟ ʜʝʪʘˀʥʫ ʘʥʘʣʠʟʫ ʥʦʚʠʭ ʥʘʫʯʥʠʭ ʨʝʟʫʣʪʘʪʘ ʠ ʤʝʪʦʜʘ ʢʦʿʠ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʧʨʠ ʜʦʙʠʿʘˁʫ ʪʠʭ ʨʝʟʫʣʪʘʪʘ ʩʪʫʜʝʥʪ ʪʨʝʙʘ 

ʜʘ ʩʘʟʥʘ ʢʦʿʠ ʩʫ ʥʘʿʘʢʪʫʝʣʥʠʿʠ ʧʨʘʚʮʠ ʥʘʫʯʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʜʘʪʦʿ ʦʙʣʘʩʪʠ, ʢʦʿʠ ʩʫ ʘʢʪʫʝʣʥʠ ʤʝʪʦʜʠ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʫ 

ʪʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ, ʠ ʜʘ ʙʫʜe ʦʩʧʦʩʦʙˀʝʥ ʜʘ ʪʝ ʠ ʩʣʠʯʥʝ ʤʝʪʦʜʝ ʢʦʨʠʩʪʠ ʫ ʩʚʦʿʠʤ ʩʦʧʩʪʚʝʥʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ. ʉʪʫʜʝʥʪ 

ʪʨʝʙʘ ʜʘ ʩʪʚʦʨʠ ʧʨʘʚʠʣʘʥ ʢʨʠʪʠʯʢʠ ʠ ʢʨʝʘʪʠʚʘʥ ʦʜʥʦʩ ʧʨʝʤʘ ʘʢʪʫʝʣʥʠʤ ʥʘʫʯʥʠʤ ʨʝʟʫʣʪʘʪʠʤʘ ʫ ʦʙʣʘʩʪʠ ʢʦʿʦʤ ˂ʝ ʩʝ 

ʙʘʚʠʪʠ. 

ʉʘʜʨʞʘʿ ʧʨʝʜʤʝʪʘ 

ʉʪʫʜʠʿʩʢʠ ʠʩʪʨʘʞʠʚʘʯʢʠ ʨʘʜ ʨʝʘʣʠʟʫʿʝ ʩʝ ʢʨʦʟ ʠʟʨʘʜʫ ʠ ʦʜʙʨʘʥʫ ʩʝʤʠʥʘʨʩʢʦʛ ʨʘʜʘ. ʅʘʩʪʘʚʥʠʮʠ ʥʘ ʧʦʯʝʪʢʫ ʩʚʘʢʝ ʰʢʦʣʩʢʝ 

ʛʦʜʠʥʝ ʧʨʝʜʣʘʞʫ ʣʠʩʪʫ ʤʦʛʫ˂ʠʭ ʪʝʤʘ ʩʝʤʠʥʘʨʩʢʠʭ ʨʘʜʦʚʘ ʢʦʿʠ ʙʠ ʩʝ ʨʘʜʠʣʠ ʫ ʦʢʚʠʨʫ ʉʪʫʜʠʿʩʢʦʛ ʠʩʪʨʘʞʠʚʘʯʢʦʛ ʨʘʜʘ 1 

ʠ 2. ʉʪʫʜʝʥʪ ʙʠʨʘ ʪʝʤʫ ʩʘ ʣʠʩʪʝ, ʘʣʠ ʤʦʞʝ ʠʟʘʙʨʘʪʠ ʠ ʥʝʢʫ ʪʝʤʫ ʢʦʿʘ ʥʠʿʝ ʥʘ ʣʠʩʪʠ, ʫʢʦʣʠʢʦ ʿʝ ʥʘʩʪʘʚʥʠʢ ʧʨʠʭʚʘʪʠ. ʋʟ 

ʪʝʤʫ, ʩʪʫʜʝʥʪ ʜʦʙʠʿʘ ʠ ʩʧʠʩʘʢ ʣʠʪʝʨʘʪʫʨʝ ʢʦʿʫ ʤʦʞʝ ʜʘ ʢʦʨʠʩʪʠ. ʋʟ ʩʪʘʣʥʝ ʢʦʥʩʫʣʪʘʮʠʿʝ ʩʘ ʥʘʩʪʘʚʥʠʢʦʤ, ʩʪʫʜʝʥʪ 

ʢʨʠʪʠʯʢʠ ʘʥʘʣʠʟʠʨʘ ʜʦʙʠʿʝʥʠ ʧʨʦʙʣʝʤ ʠ ʤʝʪʦʜʦʣʦʛʠʿʫ ʢʦʿʘ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʧʨʠ ˁʝʛʦʚʦʤ ʨʝʰʘʚʘˁʫ, ʘ ʥʘʩʪʘʚʥʠʢ ʛʘ 

ʦʭʨʘʙʨʫʿʝ ʜʘ ʝʚʝʥʪʫʘʣʥʦ ʧʨʦʥʘʹʝ ʠ ʥʝʢʝ ʘʣʪʝʨʥʘʪʠʚʥʝ ʧʨʠʩʪʫʧʝ ʫ ʨʝʰʘʚʘˁʫ ʪʦʛ ʧʨʦʙʣʝʤʘ. ʇʦ ʦʙʘʚˀʝʥʦʿ ʘʥʘʣʠʟʠ 

ʧʨʦʙʣʝʤʘ ʩʪʫʜʝʥʪ ʧʠʰʝ ʩʝʤʠʥʘʨʩʢʠ ʨʘʜ, ʢʦʨʠʩʪʝ˂ʠ ʩʪʘʥʜʘʨʜʝ ʟʘ ʧʠʩʘˁʝ ʥʘʫʯʥʦ-ʩʪʨʫʯʥʠʭ ʧʫʙʣʠʢʘʮʠʿʘ, ʠ ʫʨʘʹʝʥʠ 

ʩʝʤʠʥʘʨʩʢʠ ʨʘʜ ʧʨʝʟʝʥʪʫʿʝ-ʙʨʘʥʠ ʧʨʝʜ ʥʘʩʪʘʚʥʠʢʦʤ ʠ ʜʨʫʛʠʤ ʩʪʫʜʝʥʪʠʤʘ ʜʦʢʪʦʨʩʢʠʭ ʩʪʫʜʠʿʘ. 

ʇʨʝʧʦʨʫʯʝʥʘ ʣʠʪʝʨʘʪʫʨʘ   

ɹʨʦʿ ʯʘʩʦʚʘ  ʘʢʪʠʚʥʝ ʥʘʩʪʘʚʝ ʊʝʦʨʠʿʩʢʘ ʥʘʩʪʘʚʘ:   10 ʇʨʘʢʪʠʯʥʘ ʥʘʩʪʘʚʘ:  

ʄʝʪʦʜʝ ʠʟʚʦʹʝˁʘ ʥʘʩʪʘʚʝ 

ʉʪʫʜʝʥʪ ʢʨʠʪʠʯʢʠ ʘʥʘʣʠʟʠʨʘ ʧʨʦʙʣʝʤ ʢʦʿʠ ʿʝ ʜʦʙʠʦ ʢʘʦ ʪʝʤʫ ʩʝʤʠʥʘʨʩʢʦʛ ʨʘʜʘ, ʫʟ ʩʪʘʣʥʝ ʢʦʥʩʫʣʪʘʮʠʿʝ ʩʘ ʥʘʩʪʘʚʥʠʢʦʤ 

ʢʦʜ ʢʦʛʘ ʿʝ ʠʟʘʙʨʘʦ ʪʝʤʫ, ʧʠʰʝ ʩʝʤʠʥʘʨʩʢʠ ʨʘʜ ʢʦʿʠ ʧʨʝʟʝʥʪʫʿʝ -ʙʨʘʥʠ ʧʨʝʜ ʥʘʩʪʘʚʥʠʢʦʤ ʠ ʜʨʫʛʠʤ ʩʪʫʜʝʥʪʠʤʘ 

ʜʦʢʪʦʨʩʢʠʭ ʩʪʫʜʠʿʘ. 

ʆʮʝʥʘ ʟʥʘˁʘ (ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ ʧʦʝʥʘ 100) ʩʝʤʠʥʘʨʩʢʠ ʨʘʜ ï 70; ʦʜʙʨʘʥʘ ʩʝʤʠʥʘʨʩʢʦʛ ʨʘʜʘ ï 30 
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ʅʘʟʠʚ ʧʨʝʜʤʝʪʘ: ɸʃɻɽɹɸʈʉʂɸ ʊɽʆʈʀɱɸ ɸʋʊʆʄɸʊɸ ʀ ʌʆʈʄɸʃʅʀʍ ɱɽɿʀʂɸ  

ʅʘʩʪʘʚʥʠʢ ʠʣʠ ʥʘʩʪʘʚʥʠʮʠ: ʀʚʘʥʘ ɿ. ʄʠʮʠ˂ 

ʉʪʘʪʫʩ ʧʨʝʜʤʝʪʘ: ʠʟʙʦʨʥʠ 

ɹʨʦʿ ɽʉʇɹ: 10 

ʋʩʣʦʚ: ʥʝʤʘ 

ʎʠˀ ʧʨʝʜʤʝʪʘ 

ʋʧʦʟʥʘʚʘˁʝ ʩʘ ʦʩʥʦʚʥʠʤ ʘʣʛʝʙʘʨʩʢʠʤ ʦʨʫʹʠʤʘ ʢʦʿʘ ʩʝ ʫʧʦʪʨʝʙˀʘʚʘʿʫ ʫ ʠʟʫʯʘʚʘˁʫ ʘʫʪʦʤʘʪʘ ʠ ʬʦʨʤʘʣʥʠʭ ʿʝʟʠʢʘ. 

ʀʩʭʦʜ ʧʨʝʜʤʝʪʘ  

ʇʦ ʟʘʚʨʰʝʪʢʫ ʢʫʨʩʘ ʩʪʫʜʝʥʪ ʪʨʝʙʘ ʜʘ ʦʚʣʘʜʘ ʦʩʥʦʚʥʠʤ ʘʣʛʝʙʘʨʩʢʠʤ ʦʨʫʹʠʤʘ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʝ ʫ ʠʟʫʯʘʚʘˁʫ ʘʫʪʦʤʘʪʘ ʠ 

ʬʦʨʤʘʣʥʠʭ ʿʝʟʠʢʘ ʠ ʜʘ ʙʫʜʝ ʦʩʧʦʩʦʙˀʝʥ ʜʘ ʪʘ ʦʨʫʹʘ, ʢʘʦ ʠ ʜʨʫʛʘ ʘʣʛʝʙʘʨʩʢʘ ʦʨʫʹʘ ʢʦʿʘ ˂ʝ ʩʘʤ ʢʨʝʠʨʘʪʠ, ʧʨʘʢʪʠʯʥʦ ʧʨʠʤʝ-

ʥʠ ʫ ʥʘʫʯʥʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʫ ʦʢʚʠʨʫ ʪʝʦʨʠʿʝ ʘʫʪʦʤʘʪʘ ʠ ʬʦʨʤʘʣʥʠʭ ʿʝʟʠʢʘ, ʢʘʦ ʠ ʫ ʜʨʫʛʠʤ ʥʘʫʯʥʠʤ ʦʙʣʘʩʪʠʤʘ. 

ʉʘʜʨʞʘʿ ʧʨʝʜʤʝʪʘ 

ʇʦʣʫʛʨʫʧʝ, ʧʦʣʫʛʨʫʧʝ ʨʝʣʘʮʠʿʘ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ, ʩʣʦʙʦʜʥʝ ʧʦʣʫʛʨʫʧʝ ʠ ʤʦʥʦʠʜʠ, ʿʝʟʠʮʠ ʠ ʢʦʜʦʚʠ, ʨʘʩʧʦʟʥʘʚʘˁʝ ʿʝʟʠʢʘ, 

ʩʠʥʪʘʢʩʠʯʢʘ ʧʦʣʫʛʨʫʧʘ ʿʝʟʠʢʘ, ʧʦʣʫʛʨʫʧʘ ʧʨʝʣʘʟʘ ʘʫʪʦʤʘʪʘ. ʈʝʣʘʮʠʿʝ Myhill-ʘ ʠ Nerode-ʘ, ʠʟʚʦʜʠ (ʨʘʟʣʦʤʮʠ) ʠ Myhill-

Nerode-ʦʚʘ ʪʝʦʨʠʿʘ, ʤʠʥʠʤʘʣʥʠ ʘʫʪʦʤʘʪ ʿʝʟʠʢʘ, ʤʠʥʠʤʠʟʘʮʠʿʘ ʘʫʪʦʤʘʪʘ, ʨʘʩʧʦʟʥʘʪˀʠʚʠ ʧʦʜʩʢʫʧʦʚʠ ʧʦʣʫʛʨʫʧʝ, ʢʚʘʟʠ-

ʫʨʝʹʝˁʘ ʠ rewriting ʩʠʩʪʝʤʠ. ʇʩʝʫʜʦʚʘʨʠʿʝʪʝʪʠ ʧʦʣʫʛʨʫʧʘ, ʚʘʨʠʿʝʪʝʪʠ ʿʝʟʠʢʘ, Eilenberg-ʦʚʘ ʪʝʦʨʝʤʘ ʦ ʢʦʨʝʩʧʦʥʜʝʥʮʠʿʠ, 

star-free ʿʝʟʠʮʠ, ʣʦʢʘʣʥʦ ʪʝʩʪʘʙʠʣʥʠ ʠ ʜʝʦ-ʧʦ-ʜʝʦ ʪʝʩʪʘʙʠʣʥʠ ʿʝʟʠʮʠ, ʪʝʦʨʝʤʝ Eilenberg-ʦʚʦʛ ʪʠʧʘ ʟʘ ʧʦʣʫʛʨʫʧʝ ʠ 

ʘʫʪʦʤʘʪʝ. ʇʨʠʤʝʥʘ ʧʦʣʫʛʨʫʧʘ ʠ ʛʨʘʬʦʚʘ ʫ ʩʠʤʙʦʣʠʯʢʦʿ ʜʠʥʘʤʠʮʠ, ʩʠʤʙʦʣʠʯʢʠ ʜʠʥʘʤʠʯʢʠ ʩʠʩʪʝʤʠ, sofic ʰʠʬʪʦʚʠ ʠ 

ʰʠʬʪʦʚʠ ʢʦʥʘʯʥʦʛ ʪʠʧʘ, ʩʠʥʪʘʢʩʠʯʢʘ ʧʦʣʫʛʨʫʧʘ sofic ʰʠʬʪʘ, ʘʫʪʦʤʘʪʠ ʠ ʛʨʘʬʦʚʠ ʫ ʩʠʤʙʦʣʠʯʢʦʿ ʜʠʥʘʤʠʮʠ, ʝʥʪʨʦʧʠʿʘ, 

ʧʨʠʤʝʥʘ ʩʧʝʢʪʨʘʣʥʝ ʪʝʦʨʠʿʝ ʛʨʘʬʦʚʘ ʫ ʨʘʯʫʥʘˁʫ ʝʥʪʨʦʧʠʿʝ. ʇʦʣʫʧʨʩʪʝʥʠ, ʬʦʨʤʘʣʥʠ ʩʪʝʧʝʥʠ ʨʝʜʦʚʠ ʠ ʤʘʪʨʠʮʝ, ʧʨʝʜ-

ʩʪʘʚˀʘˁʝ ʿʝʟʠʢʘ ʬʦʨʤʘʣʥʠʤ ʩʪʝʧʝʥʠʤ ʨʝʜʦʚʠʤʘ, ʪʝʞʠʥʩʢʠ (weighted) ʘʫʪʦʤʘʪʠ, ʪʝʞʠʥʩʢʠ ʘʫʪʦʤʘʪʠ ʠ ʤʘʪʨʠʮʝ, ʪʝʞʠʥʩʢʠ 

ʘʫʪʦʤʘʪʠ ʥʘʜ ʧʦˀʝʤ ʨʝʘʣʥʠʭ ʙʨʦʿʝʚʘ, ʧʨʠʤʝʥʝ ʪʝʞʠʥʩʢʠʭ ʘʫʪʦʤʘʪʘ. ɸʣʛʝʙʨʝ ʿʝʟʠʢʘ, ʨʝʣʘʮʠʦʥʝ ʘʣʛʝʙʨʝ ʠ ʂʣʠʥʠʿʝʚʝ 

ʘʣʛʝʙʨʝ, ʘʣʛʦʨʠʪʘʤʩʢʠ ʧʨʦʙʣʝʤʠ ʫ ʘʣʛʝʙʨʘʤʘ ʿʝʟʠʢʘ. 

ʇʨʝʧʦʨʫʯʝʥʘ ʣʠʪʝʨʘʪʫʨʘ  
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ɹʨʦʿ ʯʘʩʦʚʘ  ʘʢʪʠʚʥʝ ʥʘʩʪʘʚʝ ʊʝʦʨʠʿʩʢʘ ʥʘʩʪʘʚʘ: 4 ʇʨʘʢʪʠʯʥʘ ʥʘʩʪʘʚʘ: 

ʄʝʪʦʜʝ ʠʟʚʦʹʝˁʘ ʥʘʩʪʘʚʝ 

ʅʘ ʧʨʝʜʘʚʘˁʠʤʘ ʩʝ ʢʦʨʠʩʪʝ ʢʣʘʩʠʯʥʝ ʤʝʪʦʜʝ ʥʘʩʪʘʚʝ ʫʟ ʢʦʨʠʰ˂ʝˁʝ ʚʠʜʝʦ ʧʨʦʿʝʢʪʦʨʘ ʠ ʠʥʪʝʨʘʢʮʠʿʫ ʩʘ ʩʪʫʜʝʥʪʠʤʘ. ɿʥʘˁʝ 

ʩʪʫʜʝʥʘʪʘ ʩʝ ʪʝʩʪʠʨʘ ʧʨʝʢʦ ʠʟʨʘʜʝ ʜʦʤʘ˂ʠʭ ʟʘʜʘʪʘʢʘ ʠ ʦʜʙʨʘʥʝ ʩʝʤʠʥʘʨʩʢʠʭ ʨʘʜʦʚʘ. ʅʘ ʟʘʚʨʰʥʦʤ ʫʩʤʝʥʦʤ ʠʩʧʠʪʫ ʩʝ 

ʧʨʦʚʝʨʘʚʘ ʩʚʝʦʙʫʭʚʘʪʥʦ ʨʘʟʫʤʝʚʘˁʝ ʠʟʣʦʞʝʥʦʛ ʛʨʘʜʠʚʘ. 

ʆʮʝʥʘ  ʟʥʘˁʘ (ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ ʧʦʝʥʘ 100): ɼʦʤʘ˂ʠ ʟʘʜʘʮʠ ï 10, ʩʝʤʠʥʘʨʩʢʠ ʨʘʜ ï 20, ʫʩʤʝʥʠ ʠʩʧʠʪ ï 70.   
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ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ : ɼɸʉ ʈɸʏʋʅɸʈʉʂɽ ʅɸʋʂɽ 

ʅʘʟʠʚ ʧʨʝʜʤʝʪʘ: ʈɽʂʋʈɽʅʊʅɽ ʅɽʋʈʆʅʉʂɽ ʄʈɽɾɽ ʋ ʅʋʄɽʈʀʏʂʆɱ ʃʀʅɽɸʈʅʆɱ ɸʃɻɽɹʈʀ  

ʅʘʩʪʘʚʥʠʢ ʠʣʠ ʥʘʩʪʘʚʥʠʮʠ: ʇʨʝʜʨʘʛ ʉ. ʉʪʘʥʠʤʠʨʦʚʠ˂ 

ʉʪʘʪʫʩ ʧʨʝʜʤʝʪʘ: ʠʟʙʦʨʥʠ 

ɹʨʦʿ ɽʉʇɹ: 10 

ʋʩʣʦʚ: ʥʝʤʘ  

ʎʠˀ ʧʨʝʜʤʝʪʘ 

ʆʚʣʘʜʘʚʘˁʝ ʨʘʟʣʠʯʠʪʠʤ ʤʝʪʦʜʠʤʘ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʤʘʪʨʠʯʥʠʭ ʛʝʥʝʨʘʣʠʩʘʥʠʭ ʠʥʚʝʨʟʘ, ʤʝʪʦʜʠʤʘ ʟʘ ʨʝʰʝʚʘˁʝ 

ʤʘʪʨʠʯʥʠʭ ʿʝʜʥʘʯʠʥʘ ʠ ʩʠʩʪʝʤʘ ʣʠʥʝʘʨʥʠʭ ʿʝʜʥʘʯʠʥʘ. ʀʤʧʣʝʤʝʥʪʘʮʠʿʦʤ ʤʝʪʦʜʘ ʥʫʤʝʨʠʯʢʝ ʣʠʥʝʘʨʥʝ ʘʣʛʝʙʨʝ ʫ 

ʧʨʦʛʨʘʤʩʢʠʤ ʿʝʟʠʮʠʤʘ Matlab ʠ Mathematica 

ʀʩʭʦʜ ʧʨʝʜʤʝʪʘ  

ʉʪʫʜʝʥʪʠ ʢʦʿʠ ʧʦʟʥʘʿʫ ʨʘʟʣʠʯʠʪʝ ʤʝʪʦʜʝ ʥʫʤʝʨʠʯʢʝ ʣʠʥʝʘʨʥʝ ʘʣʛʝʙʨʝ, ʧʨʝ ʩʚʝʛʘ  ʤʝʪʦʜʝ ʟʘ ʨʝʰʘʚʘˁʝ ʤʘʪʨʠʯʥʠʭ 

ʿʝʜʥʘʯʠʥʘ, ʩʠʩʪʝʤʘ ʣʠʥʝʘʨʥʠʭ ʿʝʜʥʘʯʠʥʘ ʢʘʦ ʠ ʤʝʪʦʜʝ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʛʝʥʝʨʘʣʠʩʘʥʠʭ ʠʥʚʝʨʟʘ kʦʤʧʣʝʢʩʥʠʭ, 

ʨʘʮʠʦʥʘʣʥʠʭ ʠ ʧʦʣʠʥʦʤʠʿʘʣʥʠʭ ʤʘʪʨʠʮʘ. ʆʩʠʤ ʪʦʛʘ, ʩʪʫʜʝʥʪʠ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʦʚʣʘʜʘʿʫ ʠʤʧʣʝʤʝʥʪʘʮʠʿʦʤ ʪʠʭ ʤʝʪʦʜʘ. 

ʇʨʠʤʝʥʘ ʜʝʬʠʥʠʩʘʥʠʭ ʤʝʪʦʜʘ.. 

ʉʘʜʨʞʘʿ ʧʨʝʜʤʝʪʘ 

ʊʝʦʨʠʿʩʢʘ ʥʘʩʪʘʚʘ 

ɼʠʨʝʢʪʥʠ ʤʝʪʦʜʠ: ʇʦʪʧʫʥʘ ʨʘʥʛ ʨʝʧʨʝʟʝʥʪʘʮʠʿʘ ʛʝʥʝʨʘʣʠʩʘʥʠʭ ʠʥʚʝʨʟʘ, LU ʜʝʢʦʤʧʦʟʠʮʠʿʘ, QR ʬʘʢʪʦʨʠʟʘʮʠʿʘ, SVD 

ʜʝʢʦʤʧʦʟʠʮʠʿʘ ʤʘʪʨʠʮʘ, Householderova ʜʝʢʦʤʧʦʟʠʮʠʿʘ, ʫʦʧʰʪʝʥʠ ʠʥʚʝʨʟʠ ʠ Gauss-Jordanʦʚ ʤʝʪʦʜ ʜʝʢʦʤʧʦʟʠʮʠʿʝ, 

ʛʝʥʝʨʘʣʠʩʘʥʠ ʠʥʚʝʨʟʠ ʙʣʦʢʦʚʩʢʠʭ ʤʘʪʨʠʮʘ, ʤʝʪʦʜʠ ʧʨʝʛʨʘʹʠʚʘˁʘ, Grevileʦʚ Partitioning ʤʝʪʦʜ, ʜʝʪʝʨʤʠʥʘʥʪʩʢʘ 

ʨʝʧʨʝʟʝʥʪʘʮʠʿʘ ʛʝʥʝʨʘʣʠʩʘʥʠʭ ʠʥʚʝʨʟʘ, Frameʦʚ ʨʝʟʫʣʪʘʪ ʠ ˁʝʛʦʚʘ ʫʦʧʰʪʝˁʘ, Leverrier-Faddeev ʤʝʪʦʜ, ʀʪʝʨʘʪʠʚʥʠ 

ʤʝʪʦʜʠ: ʫʦʧʰʪʝˁʘ Groetchʦʚʝ ʪʝʦʨʝʤʝ, ʄʝʪʦʜʠ ʙʘʟʠʨʘʥʠ ʥʘ ʛʨʘʜʠʿʝʥʪʥʠʤ ʤʝʪʦʜʠʤʘ ʦʧʪʠʤʠʟʘʮʠʿʝ, ʣʠʤʠʪ 

ʨʝʧʨʝʟʝʥʪʘʮʠʿʝ ʛʝʥʝʨʘʣʠʩʘʥʠʭ ʠʥʚʝʨʟʘ, Hyper-power ʠʪʝʨʘʪʠʚʥʠ ʤʝʪʦʜʠ. ɻʨʘʜʠʿʝʥʪʥʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ ʠ Zhangʦʚʝ 

ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ ʫ ʥʫʤʝʨʠʯʢʦʿ ʣʠʥʝʘʨʥʦʿ ʘʣʛʝʙʨʠ, ʨʝʰʘʚʘˁʝ ʩʠʩʪʝʤʘ ʣʠʥʝʘʨʥʠʭ ʿʝʜʥʘʯʠʥʘ ʠ ʤʘʪʨʠʯʥʠʭ ʿʝʜʥʘʯʠʥʘ, 

ʠʟʨʘʯʫʥʘʚʘˁʝ ʫʦʧʰʪʝʥʠʭ ʠʥʚʝʨʟʘ ʢʦʨʠʩʪʝ˂ʠ ʨʝʢʫʨʝʥʪʥʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ, ʚʝʟʘ ʠʟʤʝʹʫ ʈʅʅ ʠ ʠʪʝʨʘʪʠʚʥʠʭ ʤʝʪʦʜʘ, 

ʜʠʩʢʨʝʪʠʟʘʮʠʿʘ ʤʝʪʦʜʘ ʢʦʥʪʠʥʫʘʣʥʠʭ ʫ ʚʨʝʤʝʥʫ, ʢʦʥʚʝʨʛʝʥʮʠʿʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ, ʪʦʣʝʨʘʥʮʠʿʘ ʥʘ ʰʫʤʦʚʝ. ʈʝʰʘʚʘˁʝ 

ʣʠʥʝʘʨʥʠʭ ʤʘʪʨʠʯʥʠʭ ʿʝʜʥʘʯʠʥʘ, ʨʝʰʘʚʘˁʝ Sylvesterʦʚʝ ʿʝʜʥʘʯʠʥʝ. ʇʨʠʤʝʥʝ: ʧʨʠʤʝʥʘ ʫ ʨʦʙʦʪʠʮʠ, ʣʦʢʘʣʠʟʘʮʠʿʘ 

ʤʦʙʠʣʥʠʭ ʦʙʿʝʢʘʪʘ, ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʜʝˀʝˁʘ ʥʫʣʦʤ. 

ʇʨʘʢʪʠʯʥʘ ʥʘʩʪʘʚʘ  

ʀʟʨʘʜʘ ʩʪʫʜʠʿʩʢʠʭ ʠʩʪʨʘʞʠʚʘʯʢʠʭ ʨʘʜʦʚʘ ʫ ʢʦʿʠʤʘ ˂ʝ ʩʪʫʜʝʥʪʠ ʨʝʰʘʚʘʪʠ ʥʝʢʝ ʧʨʦʙʣʝʤʝ ʫ ʥʫʤʝʨʠʯʢʦʿ ʣʠʥʝʘʨʥʦʿ 

ʘʣʛʝʙʨʠ ʢʘʦ ʠ ʫ ʧʨʘʢʪʠʯʥʠʤ ʧʨʠʤʝʥʘʤʘ.  ʀʤʧʣʝʤʝʥʪʘʮʠʿʘ ʥʝʢʠʭ ʤʝʪʦʜʘ. 
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ɹʨʦʿ ʯʘʩʦʚʘ  ʘʢʪʠʚʥʝ ʥʘʩʪʘʚʝ ʊʝʦʨʠʿʩʢʘ ʥʘʩʪʘʚʘ: 4 ʇʨʘʢʪʠʯʥʘ ʥʘʩʪʘʚʘ: 

ʄʝʪʦʜʝ ʠʟʚʦʹʝˁʘ ʥʘʩʪʘʚʝ 



ɼʠʩʢʫʩʠʿʘ ʩʘ ʩʪʫʜʝʥʪʠʤʘ ʫ ʚʝʟʠ ʩʘ ʪʝʤʘʤʘ ʥʘʚʝʜʝʥʠʤ ʫ ʩʘʜʨʞʘʿʫ.ʉʪʫʜʝʥʪʠ ˂ʝ ʜʦʙʠʿʘʪʠ ʟʘʜʘʪʢʝ ʢʦʿʝ ˂ʝ ʨʝʰʘʚʘʪʠ ʢʦʜ 

ʢʫ˂ʝ. ɸʥʘʣʠʟʘ ʫʨʘʹʝʥʠʭ ʜʦʤʘ˂ʠʭ ʟʘʜʘʪʘʢʘ ʥʘ ʯʘʩʫ. ɼʠʩʢʫʩʠʿʘ. ʀʟʨʘʜʘ ʩʝʤʠʥʘʨʩʢʠʭ ʨʘʜʦʚʘ ʠ ʘʥʘʣʠʟʘ ʩʝʤʠʥʘʨʩʢʠʭ 

ʨʘʜʦʚʘ. 

ʆʮʝʥʘ  ʟʥʘˁʘ (ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ ʧʦʝʥʘ 100) ʧʨʝʟʝʥʪʘʮʠʿʘ ʧʨʦʿʝʢʘʪʘ ï 30, ʩʝʤʠʥʘʨʠ ï 30, ʜʦʤʘ˂ʠ ʟʘʜʘʮʠ ï 10,  ʫʩʤʝʥʠ 

ʠʩʧʠʪ ï 30 

 

 

  



ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ : ɼɸʉ ʈɸʏʋʅɸʈʉʂɽ ʅɸʋʂɽ 

ʅʘʟʠʚ ʧʨʝʜʤʝʪʘ: ɸʃɻɽɹɸʈʉʂɸ ʊɽʆʈʀɱɸ ɻʈɸʌʆɺɸ  

ʅʘʩʪʘʚʥʠʢ ʠʣʠ ʥʘʩʪʘʚʥʠʮʠ: ɼʨʘʛʘʥ ʇ. ʉʪʝʚʘʥʦʚʠ˂ 

ʉʪʘʪʫʩ ʧʨʝʜʤʝʪʘ: ʠʟʙʦʨʥʠ 

ɹʨʦʿ ɽʉʇɹ: 10 

ʋʩʣʦʚ: ʥʝʤʘ 

ʎʠˀ ʧʨʝʜʤʝʪʘ 

ʉʪʠʮʘˁʝ ʦʧʰʪʠʭ ʠ ʩʧʝʮʠʬʠʯʥʠʭ ʟʥʘˁʘ ʠ ʪʝʭʥʠʢʘ ʠʟ ʘʣʛʝʙʘʨʩʢʝ ʪʝʦʨʠʿʝ ʛʨʘʬʦʚʘ. ʇʨʦʫʯʘʚʘˁʝ ʩʘʚʨʝʤʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʠʟ 

ʣʠʪʝʨʘʪʫʨʝ, ʫʧʦʟʥʘʚʘˁʝ ʩʘ ʩʪʘˁʝʤ ʨʝʰʝʥʦʩʪʠ ʦʪʚʦʨʝʥʠʭ ʧʨʦʙʣʝʤʘ ʠ ʧʦʩʪʝʧʝʥʦ ʫʢˀʫʯʠʚʘˁʝ ʫ ʠʩʪʨʘʞʠʚʘʯʢʠ ʨʘʜ.. 

ʀʩʭʦʜ ʧʨʝʜʤʝʪʘ  

ʇʦ ʟʘʚʨʰʝʪʢʫ ʢʫʨʩʘ, ʩʪʫʜʝʥʪ ʠʤʘ ʧʦʪʨʝʙʥʘ ʟʥʘˁʘ ʠʟ ʘʣʛʝʙʘʨʩʢʝ ʪʝʦʨʠʿʝ ʛʨʘʬʦʚʘ ʠ ʫ ʩʪʘˁʫ ʿʝ ʜʘ ʨʝʰʘʚʘ ʟʘʜʘʪʢʝ ʠʟ ʦʚʝ 

ʦʙʣʘʩʪʠ. ʄʠʥʠʤʘʣʥʠ ʠʩʭʦʜʠ ʫʢˀʫʯʫʿʫ ʩʪʠʮʘˁʝ ʩʧʦʩʦʙʥʦʩʪʠ ʟʘ ʩʘʤʦʩʪʘʣʥʦ ʧʨʦʫʯʘʚʘˁʝ ʠ ʨʘʟʫʤʝʚʘˁʝ ʣʠʪʝʨʘʪʫʨʝ 

(ʤʦʥʦʛʨʘʬʠʿʝ, ʥʘʫʯʥʠ ʨʘʜʦʚʠ). ʇʦʞʝˀʥʠ ʠʩʭʦʜ ʿʝ ʩʪʠʮʘˁʝ ʩʧʦʩʦʙʥʦʩʪʠ ʟʘ ʠʩʪʨʘʞʠʚʘʯʢʠ ʨʘʜ ʫ ʘʣʛʝʙʘʨʩʢʦʿ ʪʝʦʨʠʿʠ 

ʛʨʘʬʦʚʘ 

ʉʘʜʨʞʘʿ ʧʨʝʜʤʝʪʘ 

ʊʝʦʨʠʿʩʢʘ ʥʘʩʪʘʚʘ 

ɻʨʘʬʦʚʠ. ʆʩʥʦʚʥʝ ʦʩʦʙʠʥʝ ʛʨʘʬʦʚʘ ʠ ˁʠʭʦʚʘ ʪʝʨʤʠʥʦʣʦʛʠʿʘ. ʇʨʠʤʝʨʠ ʛʨʘʬʦʚʘ. ʊʝʦʨʠʿʘ ʤʘʪʨʠʮʘ. ʄʘʪʨʠʮʘ ʩʫʩʝʜʩʪʚʘ. 

ʄʘʪʨʠʮʘ ʠʥʮʠʜʝʥʮʠʿʝ. ʃʘʧʣʘʩʦʚʝ ʤʘʪʨʠʮʝ. ʉʦʧʩʪʚʝʥʠ ʚʝʢʪʦʨʠ. ʇʦʟʠʪʠʚʥʦ ʩʝʤʠʜʝʬʠʥʠʪʥʝ ʤʘʪʨʠʮʝ. ʇʝʨʦʥ-

ʌʨʦʙʝʥʠʿʫʩʦʚʘ ʪʝʦʨʝʤʘ. ʈʘʥʛ ʩʠʤʝʪʨʠʯʥʝ ʤʘʪʨʠʮʝ. ʉʧʝʢʪʨʘʣʥʘ ʜʝʢʦʤʧʦʟʠʮʠʿʘ. ʇʨʝʧʣʠʪʘˁʝ ʩʦʧʩʪʚʝʥʠʭ ʚʨʝʜʥʦʩʪʠ. 

ʇʨʝʧʣʠʪʘˁʝ ʩʦʧʩʪʚʝʥʠʭ ʚʨʝʜʥʦʩʪʠ. ɱʝʜʥʘʢʦ-ʪʘʙʣʠʯʥʝ ʧʘʨʪʠʮʠʿʝ. ʉʦʧʩʪʚʝʥʝ ʚʨʝʜʥʦʩʪʠ ʂʥʝʩʝʨʦʚʠʭ ʛʨʘʬʦʚʘ. ʇʨʠʤʝʥʝ. 

ɹʠʧʘʨʪʠʪʥʠ ʧʦʜʛʨʘʬʦʚʠ. ʌʫʣʝʨʝʥʠ. ɱʘʢʦ ʨʝʛʫʣʘʨʥʠ ʛʨʘʬʦʚʠ. ʇʘʨʘʤʝʪʨʠ. ʉʦʧʩʪʚʝʥʝ ʚʨʝʜʥʦʩʪʠ. ʅʝʢʝ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʝ. 

ɻʨʘʬʦʚʠ ʣʘʪʠʥʩʢʠʭ ʢʚʘʜʨʘʪʘ. ʄʘʣʠ ʿ ʘʢʦ ʨʝʛʫʣʘʨʥʠ ʛʨʘʬʦʚʠ. ʃʦʢʘʣʥʝ ʩʦʧʩʪʚʝʥʝ ʚʨʝʜʥʦʩʪʠ. ʂʨʘʿʥʦʚʝ ʛʨʘʥʠʮʝ. ʋʦʧʰʪʝʥʠ 

ʢʚʘʜʨʘʪʠ. ʂʚʘʟʠʩʠʤʝʪʨʠʯʥʠ ʜʠʟʘʿʥʠ. ɺʠʪʦʚ ʜʠʟʘʿʥ ʩʘ 23 ʪʘʯʢʝ. ʉʠʤʧʣʝʢʪʠʯʥʠ ʛʨʘʬʦʚʠ. ɻʨʘʬʦʚʠ ʛʨʘʥʘ ʠ ʩʦʧʩʪʚʝʥʝ 

ʚʨʝʜʥʦʩʪʠ. ʋʦʧʰʪʝʥʠ ʛʨʘʬʦʚʠ ʛʨʘʥʘ. ɿʚʝʟʜʘ-ʟʘʪʚʦʨʝʥʠ ʩʢʫʧʦʚʠ ʛʨʘʥʘ. ʈʝʬʣʝʢʩʠʿʝ. ʅʝʜʝˀʠʚʠ ʟʚʝʟʜʘ-ʟʘʪʚʦʨʝʥʠ ʩʢʫʧʦʚʠ. 

ɻʝʥʝʨʠʰʫ˂ʠ ʩʢʫʧ. ʂʣʘʩʠʬʠʢʘʮʠʿʘ. ʂʦʨʝʥʩʢʠ ʩʠʩʪʝʤʠ. ɱʘʢʦ ʨʝʛʫʣʘʨʥʠ ʛʨʘʬʦʚʠ. ʃʘʧʣʘʩʦʚʘ ʤʘʪʨʠʮʘ ʛʨʘʬʘ. ʃʘʧʣʘʩʦʚʘ 

ʤʘʪʨʠʮʘ. ʉʪʘʙʣʘ. ʈʝʧʨʝʟʝʥʪʘʮʠʿʝ. ɽʥʝʨʛʠʿʘ ʠ ʩʦʧʩʪʚʝʥʝ ʚʨʝʜʥʦʩʪʠ. ʇʦʚʝʟʘʥʦʩʪ. ʇʨʝʧʣʠʪʘˁʝ. ʎʨʪʘˁʝ ʛʨʘʬʦʚʘ. ɺʠʰʝ-

ʩʪʨʫʢʦʩʪʠ. ʇʨʠʤʝʨʠ ʠ ʧʨʠʤʝʥʝ. ɻʨʘʥʠʮʝ ʟʘ ʩʦʧʩʪʚʝʥʝ ʚʨʝʜʥʦʩʪʠ. ʄʘʢʩʠʤʘʣʥʠ ʧʨʝʩʝʢ. ʇʣʘʥʘʨʥʠ ʛʨʘʬʦʚʠ. ʉʣʫʯʘʿʥʠ 

ʧʫʪʝʚʠ. ɽʢʩʧʘʥʜʝʨʠ ʠ ʢʦʜʦʚʠ. ʉʣʫʯʘʿʥʠ ʛʨʘʬʦʚʠ. ʇʨʠʤʝʥʝ ʫ ʢʦʤʙʠʥʘʪʦʨʥʦʿ ʦʧʪʠʤʠʟʘʮʠʿʠ. ʇʨʠʤʝʥʝ ʫ ʢʚʘʥʪʥʦʤ 

ʨʘʯʫʥʘˁʫ. 

 

ʇʨʘʢʪʠʯʥʘ ʥʘʩʪʘʚʘ  
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ɹʨʦʿ ʯʘʩʦʚʘ  ʘʢʪʠʚʥʝ ʥʘʩʪʘʚʝ ʊʝʦʨʠʿʩʢʘ ʥʘʩʪʘʚʘ: 4 ʇʨʘʢʪʠʯʥʘ ʥʘʩʪʘʚʘ:  

ʄʝʪʦʜʝ ʠʟʚʦʹʝˁʘ ʥʘʩʪʘʚʝ 

ʌʨʦʥʪʘʣʥʘ, ʠʥʜʠʚʠʜʫʘʣʥʘ, ʠʥʪʝʨʘʢʪʠʚʥʘ 

ʆʮʝʥʘ  ʟʥʘˁʘ (ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ ʧʦʝʥʘ 100) ʧʨʝʟʝʥʪʘʮʠʿʘ ʧʨʦʿʝʢʘʪʘ ï 40, ʩʝʤʠʥʘʨʠ ï 30, ʫʩʤʝʥʠ ʠʩʧʠʪ ï 30 

 

 

  


